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ACADEMICIAN  SERGEI  SEMEONOVICH  NAMETKIN 


V.  M,  Rodionov,  A.  K.  Ruzhentsova,  A.  S.  Nekrasov  and  N.  N.  Melnikov 


The  current  year  marks  the  anniversary  of  the  birth  and  the  first 

anniversary  of  the  death  of  the  eminent  Russian  chemist  Academician  Sergei 
Semeonovlch  Nametkln. 

Sergei  Semeonovlch  Nametkln  was  born  in  I876  in  Kazan  into  a  working 
class  family.  He  was  brought  to  Moscow  as  a  child.  He  studied  for  three 
years  in  a  preparatory  school  and  was  then  sent  to  Moscow  high  school.  In 
the  spring  of  1896  he  passed  the  matriculation  examination  and  entered  the 
Mathematical  Department  of  the  Physico-mathematlcal  Faculty  of  Moscow  State 
University.  After  a  year  he  went  over  to  the  Natural  Science  Department.  In 
1902  he  completed  his  University  course,  having  presented  a  thesis  on  the 
subject  *Bydrocarbon8  of  Caucasleui  Petroleum, Their  Properties  and  Chemical 
Reactions."  From  January  1,  1903,  Sergei  Semeonovlch  on  the  recommendation 
of  N.  D,  Zelinsky  stayed  at  the  University  for  professorial  training.  In  1905 
he  was  elected  supernumerary  research  worker,  and  instructed  natural  science 
students  in  qualitative  analysis  and  organic  chemistry.  In  the  autumn  of  I9IO 
on  the  recommendation  of  N.  D.  Zelinsky  Sergei  Semeonovlch  was  appointed  to  the 
post  of  chief  assistant  in  the  faculty  and  In  the  organic  chemistry  laboratory 
of  the  Moscow  Womens*  Advanced  Courses  (V.  Zh.  K) . 

In  1911,  as  a  protest  against  the  action  re  the  Minister  of  Public  Educa¬ 
tion,  Kasso,  who  was  dismissed  from  the  management  of  Moscow  University,  S.  S. 
Nametkln  left  the  University  and  remained  only  In  the  V.  Zli.  K. 

In  1912,  Sergei  Semeonovlch  obtained  the  degree  of  Master  of  Chemistry, 
he  was  elected  to  a  professorship  in  the  Physico-mathematlcal  faculty  of  V,  Zh,  K. 
and  he  was  given  control  of  the  professorship  and  the  organic  chemistry  labora¬ 
tory  5  and  in  1915  he  assumed  responsibility  for  the  organic  chemistry  course. 

S.  S.  held  this  post  until  1958*  In  February,  1917,  he  submitted  a  doctor’s 
thesis  In  St.  Petersburg  University. 

Parallel  with  his  scientific  research  Sergei  Semeonovlch  carried  out  a 
great  deal  of  administrative  and  organizational  wolTfr  In  191^  he  was  elected 
secretary  of  the  Physico-mathematlcal  faculty  of  V.  Zh.  K.  and  worked  in  this 
post  until  1915*  After  the  reorganization  of  V.  Zh.  K.  into  the'  2nd  Moscow 
State  University  (MSU) ,  S.  3.  became  Dean  of  the  Faculty.  In  1919  he  was  elected 
Rector  of  the  2nd  MSU  and  he  retained  this  post  without  a  break.  They  were 
difficult  years,  demanding  much  strenuous  work. 

In  connection  with  the  decree  of  the  return  to  Moscow  University  of  all 
professors  and  Instructors  who  had  left  In  191I,  S.  S.  Nametkln  renewed  his 
connection  In  1917  with  the  1st  MSU,  becoming  a  professor  In  the  Faculty  of 
Chemistry.  In  charge  of  the  Faculty,  he  gave  several  courses  for  a  number  of 
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years:  a  shortened  course  of  organic  chemistry,  the  chemistry  of  allcyclic 
compounds,  and  others.  From  1922  to  1929  he  was  an  official  member  of  the 
Scientific  Research  Institute  of  Chemistry  at  the  1st  MSU. 

At  the  end  of  1925,  S.  S.  was  appointed  director  of  the  chemistry  and 
technology  section  of  the  State  Institute  for  Petroleum  Research  (SIRP)  in 
the  Supreme  Soviet  of  the  national 'economy.  Then,  as  deputy  director  of  the 
scientific  section,  he  took  an  active  part  in  the  organization  and  development 
of  scientific  research  in  this  Institute. 

In  order  to  link  up  his  scientific  research  with  industrial  questions, 

S.  S.  visited  the  oil  fields  of  Baku,  Grozny  and  elsewhere  and  acquainted  himself 
systematically  with  the  latest  methods  of  treating  the  oil  on  the  spot. 

From  1927  Nametkln  organized  the  faculty  of  organic  chemistry  in  the 
Moscow  Mining  Academy  as  a  Petroleum  Faculty,  and  for  the  first  time  in  the 
Union  he  gave  a  course  on  **1110  Chemistry  of  Petroleum",  a  subject  which 
seirved  for  a  while  as  a  basis  for  his  fundamental  work  [132,165,203]. 

S.  S.  was  for  a  long  time  interested  in  the  chemistry  of  terpenes  and 
camphor,  and  enriched  this  wide  and  complex  section  of  organic  chemistry  with 
original  contributions  of  theoretical  and  experimental  material.  It  is  fair 
to  say  that  after  the  late  E.  E.  Wagner,  the  leading  role  in  the  development 
of  theoretical  questions  of  terpene  chemistry  belongs  to  him. 

From  1931  to  19^1  Sergei  Semeonovlch  was  director  of,  and  consultant  on 
the  synthesis  of  artificial  perfumes  to  "the  Board  of  Perfume  Research. 

The  work  carried  out  under  his  leadership  enriched  the  perfumery  industry  with 
a  number  of  methods  of  preparing  valuable  compounds  which  had  previously  been 
Imported. 

The  last  decade  is  characterized  by  the  increasingly  close  connection  of 
S.  S.*s  activity  with  the  Academy  of  Sciences  of  the  USSR.  In  1932  he  was 
elected  an  associate  member  of  the  Academy  of  Sciences  of  the  USSR.  In  193^ 
he  was  attracted  by  I.  M.  Gubkin  to  the  work  in  the  newly  organized  Institute 
of  Inflammable  Materials  of  the  Academy  of  Sciences  of  the  USSR  (IIM).  In 
1959>  after  the  death  of  I.  M.  Gubkin,  S.  S.  Nametkin  was  appointed  director 
of  the  IIM.  In  the  same  year  he  was  elected  a  full  member  of  the  Academy  of 
Sciences  of  the  USSR.  While  director  of  the  IIM,  S.  S.  Nametkin  aimed  above 
all  at  the  preservation  of  the  principles  for  which  the  Institute  was  founded, 
by  the  development  of  all  aspects  of  the  study  of  inflammable  minerals.  Although 
the  research  work  was  always  planned  and  conducted  at  a  high  theoretical  level, 

S.  S.  at  the  same  time  endeavored  to  give  full  weight  to  industrial  requirements. 
Under  his  general  leadership  much  work  was  done  in  the  Institute,  answering  the 
demands  of  the  national  economy  of  the  country.  Even  during  the  evacuation,  in 
the  most  tense  days  of  19^1-19^2,  the  Institute  and  its  management  did  n^t 
abandon  theoretical  Investigations,  nor  work  of  prospective  value  in  the  develop¬ 
ment  of  post-war  Soviet  industry, 

Sergei  Semeonovlch  was  chairman  of  two  committees  under  the  auspices  of  the 
USSR  Academy  of  Sciences,  the  motor  fuel  and  lubricating  oil  committee  and  the 
committee  for  the  purification  of  industrial  effluents.  For  several  years  he 
was  chairman  of  the  Azerbaijan  branch  of  the  USSR  Academy  of  Sciences.  However, 
difficulties  met  with  in  the  management  of  the  branch,  because  of  long  distances 
and  protracted  illnesses,  compelled  him  to  retire  from  this  duty  in  19^3. 

The  great  scientific  and  organizing  work  which  S.  S.  carried  out  in  the 
Academy  of  Sciences  did  not  in  the  least  tear  him  away  from  the  High  School, 
connection  with  which  he  considered  specially  valuable  for  a  scientific  worker. 

Up  to  1938  Sergei  Semeonovlch  held  the  Chair  of  Organic  Chemistry  in  the  Moscow 
Institute  of  Fine  Chemical  Technology  (MIFCT,  upper  2nd  MSU) . 
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In  1938.  in  view  of  the  retirement  of  Academician  N.  D.  Zelinsky  from  the 
chair  of  organic  chemistiTr  in  the  chemistry  faculty  of  the  MSU,  S.  S.  Nametkln 
was  transferred  from  MIFCT  to  MSU  and  took  over  the  directorship  of  the  faculty 
and  the  organic  chemistry  laboratory.  In  19^^,  due  to  Illness  he  was  obliged 
to  resign  from  directorship  of  the  faculty  and  was  appointed  to  the  post  of 
director  of  the  MSU  newly  organized  faculty  and  of  the  organic  analysis  and 
synthesis  laboratory. 

During  the  years  of  his  pedagogical  fectivlty,  Sergei  Semeonovlch  trained 
a  whole  generation  of  chemists  and  technologists  who  during  the  last  forty  or 
more  years  went  through  the  Moscow  State  University,  the  Womens*  Advanced 
Courses  (later  the  2nd  MSU,  MIFCT)  and  the  I.  M.  Gubkin  Petroleum  Institute  in 
Moscow.  Right  up  to  the  last  days  of  his  life  S.  S.  personally  supervlzed  the 
training  of  aspirants.  Several  of  his  pupils  are  at  present  successfully 
conducting  scientific  and  lecturing  work  in  the  high  schools  and  scientific 
research  institutes  of  the  Soviet  Union. 

In  19^0  S.  S.  was  appointed  a  member  of  the  Council  of  Scientific  and 
Technical  Consultation  in  the  USSR  State  Planning  Commission,  where  he  worked 
to  the  end  of  his  days.  For  many  years  S.  S,  also  worked  on  the 
committee  of  the  high  schools.  At  first  he  became  a  member  and  then  chairman, 
of  the  Consultant’s  Committee  for  Chemical  Technology.  From  19^0  he  was  a 
member  of  the  Higher  Certificate  Committee.  Sergei  Semeonovlch  was  one  of  the 
oldest  members  of  the  Moscow  Society  of  Research  Workers,  which  in  19^^  made 
him  an  honorary  member.  S.  S.  Nametkln  was  one  of  the  founders  of  the  D.  I. 
Mendeleev  All-Union  Chemical  Society,  in  which  he  was  a  vice  president  and 
president  of  the  Moscow  branch.  He  was  a  constant  and  active  participant  in 
the  Mendeleev  meetings.  He  was  a  member  of  the  editorial  board  of  the  "Journal 
of  General  Chemistry**. 

The  Soviet  government  valued  highly  the  fruitful  scientific  research 
activity  of  S.  S.  Nametkln:  he  was  awarded  the  order  of  Lenin  and  the  Red 
Banner  of  Labor,  In  19^3  he  was  awarded  the  Stalin  Prize  (1st  class)  for  many 
years  work  In  the  field  of  science  and  technology.  In  19^9  for  work  in  the 
field  of  organic  chemistry  he  was  honored  with  the  Stalin  Prize  3rd  class.  He 
was  one  of  the  organizers  and  the  first  director  of  the  Institute  of  Petroleum 
of  the  USSR  Academy  of  Sciences. 

Sergei  Semeonovlch  died  on  August  5th,  1950,  in  his  75th  year. 

S.  S.  Nametkln  began  to  work  at  scientific  research  in  his  student  years. 

At  the  beginning  of  1902,  in  the  Fhysico-mathematical  faculty  of  Moscow  Univer¬ 
sity,  he  presented  his  thesis  "Hydrocarbons  of  Caucasian  Petroleum,  Their 
Properties  and  Chemical  Reactions**,  which  is  a  full  summary  of  all  the  published 
data  on  the  chemical  nature  of  these  hydrocarbons.  This  was  not  limited,  however, 
to  an  account  of  the  actual  material  and  conclusions  published  in  the  literature, 
but  the  young  author  subjected  these  conclusions  to  criticism,  and  observing 
certain  inconsistencies  in  them,  he  came  to  the  conclusion  that  such  well-studied 
naphthenes  of  Caucasian  petroleum  as  octanaphthene ,  nononaphthene  and  others  must, 
in  the  main,  contain  not  a  slx-membered,  as  was  assumed  by  the  authoritative 
research  workers  (V.  V.  Marovnikov,  M.  I.  Konovalov  and  others),  but  a  five- 
membered  ring,  i.e.  they  must  belong  to  the  cyclopentane  series. 

This  first  independent  work  of  S.  S.  was  not  immediately  published  and  it 
remained  for  a  long  time  in  manuscript.  Not  until  1921  did  he  publish  in  the 
journal  **Petroleum  and  Shale  Economy**  a  long  article  **An  Outline  of  the  Develop¬ 
ment  of  Opinions  on  The  Hydrocarbons  of  Caucasian  Petroleum**,  in  which  the 
conclusions  drawn  by  him  nearly  20  years  before  on  the  nature  of  the  naphthenes 
of  Caucasian  petroleum  were  first  published  [33]* 


Two  years  later  these  conclusions  were  at  last  confirmed  experimentally: 
as  N.  D.  Zelinsky  (1925)  showed,  neither  octanaphthene  nor  nononaphthene,  on 
catalytic  dehydrogenation  on  platinum,  evolve  hydrogen,  and  therefore  they 
cannot  belong  to  the  cyclohexane  series. 

The  Independent  scientific  activity  of  S.  3,  Nametkln,  which  had  already 
begun  on  the  student  bench,  was  developed  particularly  well  in  the  years  of 
Soviet  rule. 

Research  on  the  Nitration  of  Hydrocarbons 

Having  formed  definite  opinions  as  to  the  nature  of  the  naphthenes  of 
Caucasian  petroleum,  Sergei  Semeonovltch  naturally  began  to  look  for  ways  of 
testing  these  opinions.  Catalytic  dehydrogenation,  by  N.  D.  Zelinsky’s  method, 
was  not  known  at  that  time,  and  more  simply  it  seemed  not  to  go  in  the  classical 
way:  the  problem  was  to  adapt  the  nitration  reaction  to  separate  petroleum 
fractions  by  M,  I.  Konovalov’s  method,  and  to  try  to  discriminate  more  closely 
between  the  nltro-compounds  obtained  in  this  way.  Hence  there  is  a  natural  in¬ 
terest  in  M.  I.  Konovalov’s  reaction,  which  gradually  attracted  the  attention 
of  S.  S.  Nametkin  completely  and  for  its  own  sake.  Independently  of  its  auxi¬ 
liary  role  as  a  method  of  investigating  complex  hydrocarbon  mixtures  [^-9>  11, 

12,  17]. 

The  investigations  of  S.  S.  on  the  study  of  M.  I.  Konovalov’s  reeu:tlon, 
pertaining  to  this  first  period  of  his  scientific  activity  (1907-1911),  were 
Incorporated  by  him  into  a  monograph  ”  The  Action  of  Nitric  Acid  on  Saturated 
hydrocarbons*  (Moscow,  191I),  which  was  presented  as  a  thesis  in  St.  Peters¬ 
burg  University,  and  after  its  approval  its  author  was  aweu^ded  the  university 
degree  of  Master  of  Chemistry. 

As  objectives  for  the  nitrating  action  of  nitric  acid,  S.  S.  first  chose 
the  simplest  allcycllc  hydrocarbons,  cyclohexane  and  methylcyclohexane,  cyclo¬ 
pentane  and  methylcyclopentane,  which  had  not  been  investigated  sufficiently 
in  this  direction.  In  this  work,  the  corresponding  derivatives  of  these  naph¬ 
thenes  (nitrocompounds,  amines  and  others)  were  obtained  in  the  pure  state, 
and  were" identified.  But  the  greatest  interest  of  these  investigations  lies 
elsewhere.  The  attention  of  the  Inrestlgator  was  centered  on  the  great  and 
complex  question  of  the  mechanism  of  the  action  of  nitric  acid  on  saturated 
hydrocarbons.  M,  I.  Konovalov  in  his  classical  thesis  had  already  shown  that 
there  must  be  a  close  relation  between  the  nitrating  and  oxidizing  action  of 
nitric  acid:  in  his  opinion,  nitric  acid  first  nitrates  the  hydrocarbon  molecule 
and  then  acts  as  an  oxidizing  agent,  so  that  nitrocompounds  appear  as  interme¬ 
diate  products  in  the  oxidation  of  a  hydrocarbon  with  nitric  eicld.  Against 
this  explanation,  however,  there  is  one  very  substantial  point:  as  S,  8. 

Nametkin  showed,  saturated  nitrocompounds  are  comparatively  stable  to  nitric 
acid  and  therefore  when  they  have  formed  in  the  process  of  nitration,  they 
can  of  course  no  longer  take  part  in  the  reaction  with  nitric  acid.  The  ex¬ 
planation  given  above  by  Konovalov  of  the  oxidizing  action  of  nitric  acid 
evidently  required  some  correction,  and  Sergei  Semeonovltch  provided  this. 

In  S.  S’s  opinion,  the  first  products  of  the  interaction  of  nitric  acid 
and  saturated  hydrocarbons  must  be  not  the  nitrocompounds,  but  their  tautomeric 
(desmotroplc) ,  unstable  forms,  the  so-called  isonitrocompounds  which,  when  formed 
immediately  undergo  changes:  part  of  them  isomerizes  into  the  stable  nitrocom¬ 
pound,  another  part  decomposes  (according  to  Nef’s  equation  for  the  decomposition 
of  isonitrocompounds  in  acid  medium)  with  the  formation  of  nitrous  oxide  and  a 
ketone  or  aldehyde 5  the  ketones  and  aldehydes  are  further  oxidized  by  the  excess 
of  nitric  acid  to  the  corresponding  acids.  Thus  the  action  of  nitric  acid  on 


cyclohexane  is  represented  as  follows; 

C5Hio:>  CH2  +  ONOOH-^  C5H10  =  NOOH 

Cyclohexane  Isonitrocompound 

1/2  (N2O  +  H2O)  +  C5Hio>C(^  C5HioC^N02 
Ketone  Nitrocompound 

This  orderly  scheme  was  tested  by  S.  S.  and  was  fully  confirmed,  thus; 

In  the  gases  formed  by  the  action  of  nitric  acid  on  cyclohexane,  nitrous  oxide 
was  actually  found  In  quantities  near  to  that  required  theoretically,  euad  In 
the  liquid  products,  the  ketone  cyclohexanone  was  observed  as  well  as  nltrocy- 
clohexanej  the  formation  of  aldehydes  In  the  nitration  of  saturated  hydrocarbons 
containing  a  methyl  group  was  observed  even  earlier  by  M.  I.  Konovalov  and  Is 
also  in  con5)lete  agreement  with  the  theory,  according  to  S.  S.  Nometkln. 

Considerably  later,  in  collaboration  with  A.  3.  Zabrodina  [68, 75]^  Bergel 
Semeonovlch  once  more  returned  to  the  question  of  the  mechanism  of  the  action 
of  nitric  acid  on  saturated  hydrocarbons.  Still  clinging  to  his  previous  point 
of  view  of  the  part  played  by  Isonltrocompounds  In  this  reaction,  the  author 
concentrated  his  attention  this  time  on  Its  first  stage.  Starting  from  the 
assumption  that  In  this  case,  as  In  every  other  substitution  reaction,  this 
must  be  an  addition  reaction,  he  stated  that  the  first  product  of  the  reaction 
here  must  be  an  addition  product  of  the  hydrocarbon  and  nitric  acid.  If  a  ter¬ 
tiary  hydrocarbon  takes  part  In  the  reaction,  then  water  is  split  off  Immediate¬ 
ly  after  the  formation  of  this  addition  product  and  the  tertiary  nitrocompound 
IS  formed: 

C4He>*cr  +  0  :  C4He -'>C  •  C4H8  ::>CN02  +  HaO 

^  \e  ]!io(oh)2 


Methylcyclopentane 


Tertiary  nitrocompound 


In  the  same  way  It  Is  possible  to  Imagine  the  formation  of  an  aromatic 
nitrocompound. 

If,  however,  the  action  of  nitric  acid  on  the  hydrocarbon  proceeds  at 
the  position  of  Its  secondary  (or  primary)  hydrogen,  molecules  of  water  are 
also  split  off  here  after  the  formation  of  the  addition  product,  but  this  can 
proceed  In  two  different  directions,  as  is  seen  from  the  following  two  equations: 

.0 


C5H10  >CH2  +  0  ;  n; 
Cyclohexane 


C5Hio>CHN(0H); 


C5H10  CHNO2  H2O 
Secondary  nitrocon^ound 


(II)  C5H10  >*CH2  +  0  ;  N-' 


OH 

JsHio  >C  —r 


C5H10C  =  N  —OH  +  HaO 


I s  oni t r oc ompound 


According  to  the  first  of  these  equations  (I),  from  the  initial  addition 
product  of  the  hydrocarbon  with  nitric  acid  the  Immediate  formation  of  a  secon¬ 
dary  (or  primary)  nitrocompound  takes  place 5  it  Is  easy  to  see  that  this  equa¬ 
tion  Is  quite  analogous  to  the  equation  given  above  for  the  formation  of  a  ter¬ 
tiary  (or  aromatic)  nitrocompound.  The  second  equation  (II)  leads  to  the  forma¬ 
tion  of  an  Isonitrocompound  which  either  isomerizes  Into  a  stable  form  of  nitro¬ 
compound,  or  as  observed  earlier,  decomposes  with  the  formation  of  nitrous 
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oxide  and  a  ketone  (or  aldehyde).  Thus,  on  a  basis  of  A.  M,  ButleroT*s  classi¬ 
cal  theory  of  structure,  an  equation  vas  given  for  the  action  of  nitric  acid 
on  saturated  and  aromatic  hydrocarbons,  explaining  .in  the  most  general  and  com¬ 
plete  form  the  mechsinlsm  of  the  nitrating  and  oxidizing  action  of  nitric  acid 
on  these  hydrocarbons. 

Enlarging  the  field  of  application  of  M.  I.  Konovalov's  reaction,  in  191^ 

S.  S,  Hametkln  had  already  begun  the  second  period  of  his  work,  which  was  devo¬ 
ted  to  the  study  of  the  action  of  nitric  acid  on  bicyclic  saturated  hydrocarbons. 
Some  of  these  (camphane,  fenchane,  camphenylane)  were  obtained  by  N.  M.  Klzh- 
ner's  catalytic  deconqposltlon  of  the  hydrazones  of  the  corresponding  ketones 
(camphor,  fenchone,  caaQ)henylone)  and  others  (isocamphane,  isobornylane)  by  the 
catalytic  hydrogenation  of  certain  terpenes  (camphene,  etc.).  What  persuaded 
him  to  change  to  this  new  field  of  investigation  was  his  discovery  (jointly  with 
E.  I.  Pozdnyakova)  of  an  extremely  simple  method  of  converting  secondary  nltro- 
coiq)ounds  into  ketones  [15].  It  was  shown  that  alkaline  solutions  of  secondary 
nitrocompounds  were  instantaneously  oxidized  by  permanganate  even  in  the  cold 
to  the  corresponding  ketones  with  excellent  yields  (up  to  80-90^  of  the  theore¬ 
tical).  In  this  way  it  was  discovered  that  starting  from  secondary  nitrocom¬ 
pounds  of  bicyclic  hydrocarbons,  it  is  easy  to  obtain  bicyclic  ketones  in  good 
yields.  What  will  these  ketones  be?  Will  they  be  ketones  which  have  been 
known  for  a  long  time,  perhaps  those  which  served  as  starting  materials  for  ob¬ 
taining  the  corresponding  bicyclic  hydrocarbons,  or  will  they  be  new  bicyclic 
ketones,  isomers  and  homologs  of  camphor?  Taking  into  consideration  the  enor¬ 
mous  difficulties  connected  with  the  task  of  preparing  new  members  of  the  cam¬ 
phor  series,  any  possibility  of  giving  a  new  method  for  the  comparatively  sim¬ 
ple  solution  of  this  problem  was  of  undoubted  Interest  and  deserved  to  be  worked 
experimentally.  Jforeover,  the  chemical  properties  of  some  of  these  represen¬ 
tatives  have  hardly  been  studied  at  all.  The  systematic  application  of  M.  I. 
Konovalov's  reaction  to  these  hydrocarbons  with  the  closest  study  of  their  pro¬ 
ducts  was  probably  essential  for  filling  in  the  gaps  in  the  chemical  character¬ 
ization  of  the  hydrocarbons  of  this  series. 

The  reseeurch  carried  out  in  fact  very  substantially  completed  the  cheuracterl- 
zatlon  of  the  chemical  properties  of  the  given  hydrocarbons  and  gave  a  new  method 
of  investigating  this  complex  group  of  substances.  First  of  all  it  was  shown  in 
the  saturated  bicyclic  hydrocarbon  series  that  on  nitration,  according  to  M.  I. 
Konovalov,  they  behave  in  general  as  typical  naphthenesj  here,  too,  the  reaction 
products  are  nitrocompounds,  ketones  and  dibasic  acids.  It  was  further  shown 
that  the  tertiary  hydrogens  situated  on  the  carbon  atoms  bordering  both  rings, 
in  contrast  to  typical  tertiary  hydrogens,  cannot  be  converted  into  a  nltro- 
group.  Finally  it  was  shown  that  both  rings  of  a  bicyclic  hydrocarbon  behave 
identically  in  relation  to  nitric  acid,  i.  e.  both  rings  are  nitrated  simul¬ 
taneously,  either  one  or  the  other.  This  latter  feature  appeared  specially  im¬ 
portant  for  judging  the  composition  of  the  products  of  the  action  of  nitric  acid 
on  bicyclic  hydrocarbons  [l8-2l,  24,  26,  38,  71^  78.  242]. 

In  recent  years  the  attention  of  S.  S.  was  drawn  to  the  study  of  the  action 
of  dilute  nitric  acid  on  saturated  hydrocarbons,  and  in  particular  the  nitration 
of  iBooctane  [291,  293]  was  studied  in  detail  by  him  jointly  with  K.  S.  Zabro¬ 
dina.  The  research  carried  out  once  more  confirmed  the  truth  of  the  equation  pre¬ 
viously  proposed  for  the  nitrating  and  oxidizing  action  of  nitric  acid  on  satura¬ 
ted  compounds. 


S.  S,  Nametkln’s  chief  work  Is  his  research  on  alicyclic  compounds,  and  in 
particular,  camphors  and  terpenes.  This  last  work,  profound  in  design  and  ex¬ 
tremely  fine  in  execution,  inade  S.  3.  world-famous.  Such  parts  of  it  as  the  cam- 
phene  rearrangement  of  the  t:-  ^>nd  kind,  or  as  is  the  custom  to  call  it,  the  Namet- 
kin  rearrangement,  entered  into  the  armory  of  classical  work  on  synthetic  organic 
chemistry.  In  a  short  siccount  it  is  not  possible  to  throw  light  fully  on  all 
the  numerous  works  of  S.  S.  in  this  field.  In  the  main  we  shall  concentrate  our 
attention  on  the  wide  researches  of  Sergei  Semeonovitch  on  hicyclic  compounds  and 
homologs  of  camphor  and  also  the  researches  on  the  isomerization  and  stereo¬ 
chemistry  of  alicyclic  compounds.  It  must  first  of  all  he  pointed  out  that  this 
work  caused  S.  S,  to  raise  great  theoretical  questions  which  were  successfully 
settled  by  him  and  which  mark  him  not  only  as  an  excellent  experimenter  but  also 
as  an  outstanding  theoretical  organic  chemist.  As  regards  bicyclic  compounds, 
the  hydrocarbons  camphane,  isocamphane,  camphenylane,  fenchane  and  isobomylane 
and  their  various  derivatives  are  included  in  his  investigations.  Before  his 
time,  these  hydrocarbons  were  very  little  known.  He  obtained  them  either  by  N, 

M.  Kizhner*s  method  of  catalytic  decomposition  of  the  hydrazones  of  the  corres¬ 
ponding  ketones,  or  by  the  catalytic  hydrogenation  of  the  corresponding  unsatureu 
ted  hydroceirbons  [l8].  Applying  M,  I.  Konovalov's  reaction  to  these  saturated 
hydrocarbons,  S.  3.  made  these  hydrocarbons,  interesting  in  chemical  behavior, 
the  starting  materials  of  his  investigations,  intending  to  proceed  from  them  to 
the  study  of  the  bicyclic  systems  of  canq)hor  and  fenchone. 

As  already  pointed  out,  the  application  of  M.  I.  Konovalov's  reaction  to 
these  systems  enables  the  structures  attributed  to  the  series  of  compounds  to 
be  confirmed,  emd  the  structure  of  new  compounds  to  be  established.  In  the  ac¬ 
tion  of  nitric  acid  (sp,  gr,  1.075)  on  camphane,  obtained  by  the  decomposition 
of  the  hydrazone  of  camphor  by  N.  M.  Klzhner's  method,  there  were  obtained  be¬ 
sides  Inactive  camphoric  acldj  two  nltrocamphanes  which  proved  to  be  two  stereo- 
Isomerlc  modifications  (a  and  a')  of  the  same  nltrocamphane .  To  establish  the 
structure  of  these  nitrocompounds  they  were  converted  to  the  corresponding  ke¬ 
tones,  whereupon  the  same  ketone,  camphor,  was  obtained  froa  both  nitrocompounds 
[19].  The  fact  of  the  conversion  of  camphor  into  camphane  and  vice  versa  was 
new  evidence  of  the  identity  of  these  bicyclic  systems. 


CHa- - (jJH - CHs 

jHaC - C— CHal 

-  CO 


CH3 

Camphor 


CEg - (jJH - CHg 


Camphane 


CH^ - CH - CH2 

HaC—C— CH3 
CHe- 


.-'H  + 


CHa 


NO2 


CHs - - CH2 

^  H 


CH^ - Q- 


CHa 


S.  S.  oxidized  the  nitrocompound  to  the  ketone  by  the  original  method  deve- 
oped  by  him,  consisting  in  the  action  of  the  theoretical  quantity  of  2<fa  perman¬ 
ganate  solution  at  0®  on  an  alkaline  solution  of  the  nitrocompound  [15]. 

Similarly,  on  submitting  Isocamphane  obtained  by  the  hydrogenation  of  cam¬ 
phane  by  the  method  of  Sabatier  and  Senderens  to  the  action  of  nitric  acid  under 
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M.  I,  Konovalov* s  conditions,  S.  S.  obtained  by  secondary  nitrocompound  and  from 
it  two  stereolsomerlc  ketones  which  he  called  isocamphones  [20].  In  the- oxida¬ 
tion  of  these  ketones  a  new  acid  is  obtained,  or  rather,  new  acids  —  isocampho- 
camphoric,  of  the  composition  CioHie04 


(CH3)2C - Cp~CH2 

-  I 

CHaCff— CHa 
Isocamphane 


(CHajaC — CH^HNOa 

I  CHa 

CH3CH-CH— CHa 


(CH3)aC“(p — C( 


CH3" 


?H2 


>C— Q— CHa 


3-lsocamphone 
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(CSajaC - CH - COOH 

I  CHa 

I  I 

CH3CH — CH - COOH 

Isocamphocamphorlc 

acid 


(CH3)2C-“C~-C0 

CHa.  I  K 

Jl^c— c— CHa 
P* -isocamphone 


The  investigation  of  the  oxidation  products  of  Isocamphones  is  of  special 
Interest,  because  the  result  of  this  investigation  is  of  definite  significance 
for  the  formulas  of  isocamphane  and  camphene.  The  production  of  isocamphocam¬ 
phorlc  acid  by  Sergei  Semeonovich  by  the  oxidation  of  Isoceunphones  confirmed 
the  truth  of  the  Wagner  formula  for  camphene.  In  the  fenchone  series  S.  S. 
confirmed  the  identity  of  the  blcycllc  systems  of  fenchane  and  fenchone,  using 
the  transition  from  the  ketone  fenchone  to  the  saturated  hydrocarbon  fenchane 
by  N.  M.  Kizhner*s  reaction,  and  from  the  latter  through  the  nitrocompound  back 
to  fenchone  [22], 


CH^ - C 


C(CH3)2  CHs - CH - C(CH3)2 
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CHa- 


CHa 


■CO 


CHa- 


CH3 

Fenchone 


i. 


•CHa 
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Fenchane 


CHa - CH - C(CH3)2 

CHa 

I 

CHa - C - CHNOa 


CHa - CH - C(CH3)2 
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H3 


•CO 
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Moreover,  the  formation  by  the  action  of  nitric  acid  on  fenchane  of  two  iso¬ 
meric  nitrocompounds,  one  of  which  is  converted  to  fenchone,  and  the  other  to  iso- 
fenchone,  gave  S.  S.  the  right  to  establish  the  identity  of  the  bicyclic  system 
of  isofenchone  with  this  fenchone. 
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It  is  extremely  interesting  tbat  the  nitration  method  enabled  S.  S.  to 
establish  with  certainty  that  N.D.  2ielinsky*s  saturated  hydrocarbon,  obtained 
by  the  final  hydrogenation  of  fenchene  by  Sabatier  and  Senderens  method,  belongs 
to  a  bicyclic  system  other  than  fenchone  [62,  65] . 

The  main  product  of  the  reaction  of  this  hydrocarbon  with  dilute  nitric 
acid  is  not  a  secondary  but  a  tertiary  nitrocompound.  This  Indicates  that  the 
methyl  group  cannot  take  up  the  same  position  in  this  fenchone  as  in  fenchone. 
Moreover,  in  the  acid  layer  after  nitration  of  the* hydrocarbon,  it  is  not  fen- 
chocamphoric  acid  which  la  found  (as  with  fenchone),  but  apocamphoric 

(CH3)2C3 - pH - COOH 
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CH2 - C - COOH 

iH3 

Fenchocamphoric  acid 
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■CH3 
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Apocamphoric  acid 


and  therefore  N.  D.  Zelinsky’s  hydrocarbon  has  the  formula 


CH^ - CH- 


•CHa 


CHs- 


H3C— p— CH3 


-CH- 


•CHCH3  . 


Isobomylane 


The  production  of  a  tertiary  nitrocompound  and  apocamphoric  acid  from  iso- 
bornylane  and  not  of  fenchone,  compared  with  the  production  of  fenchone,  Iso- 
fenchone  and  fenchocamphoric  acid  from  fenchane  by  the  action  of  nitric  acid, 
is  a  new  reason  for  the  statement  that  the  structure  of  fenchone  is  expressed  by 
Zemmler’s  formula  (l)  and  not  by  Wallach’s  (II) 


CHa- 
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■CH - 9(CH3)2 

CH2 


-CO 
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CH2 - CH - CO 

I  1 

I  H3C— p—CHa 
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The  fifth  bicyclic  hydrocarbon  with  which  S.  S.  Nametkin  worked  was  cam- 
phenylane,  first  obtained  by  him  by  the  decomposition  of  the  hydrazone  of  cam- 
phenylone  by  N.  M  Kizhner’s  method.  Camphenylane  is  interesting  in  that,  in 
contrast  to  camphane,  it  contains  two  different  five-membered  rings,  in  each 
of  which  there  is  a  CHa  group.  The  main  products  of  the  action  of  nitric  acid 
on  this  hydrocarbon  are  a  secondary  nitrocompound  and  a  ketone.  An  acid  iso¬ 
meric  with  apocamphoric,  which  Sergei  Semeonovich  called  apofenchocamphorlc 
[25,  ^6],  is  separated  from  the  acid  layer. 
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The  formation  of  apofenchocamphoric  acid  predetermines  the  question  of  the 
structure  of  the  ketone  and  the  nitrocompound  They  are,  as  was  shown  by  S,  S. 
a-derivatives  of  camphenylane.^' 

In  this  case,  as  in  the  case  of  isocamphane,  the  acid  obtained  on  nitra¬ 
tion  contributes  to  the  development  of  the  structure  of  the  compounds  formed. 

In  connection  with  this  it  is  not  surprising  that  S.  S.  ^ve  such  great  atten¬ 
tion  to  the  study  of  the  new  acids,  apofenchocamphoric  [25,  50]  and  Isocampho- 
camphoric,  which  he  prepared.  However,  in  the  nitration  of  camphenylane ,  it  is 
true  to  a  very  small  extent,  but  another  nitrocompound  (2-nitrocamphenylane)  is 
formed  and  is  converted  into  camphenylone  [21] .  This  side  trend  of  the  reaction 
is  of  great  interest,  in  thht  it  confirms  S.  S*s  statement  that  the  orientation 
of  the  nitro-group  entering  into  the  molecule  of  blcyclic  hydrocarbon  takes 
place  simultaneously  and  independently  in  both  rings  of  the  given  system. 

The  following  students  of  Sergei  Sergeivltch  took  part  in  the  completion 
of  this  work,  which  was  collected  in  a  monograph  "  Researches  on  bicycllc  com¬ 
pounds”  [26]:  L.  N.  Abakumovskaya,  M.  K.  Dobrovolskaya,  N.  A.  Emelyanova,  V.  S. 
Manuilova,  T.  I.  Moshcheevskaya,  M.  P.  Opoumka,  E.  I.  Pozdnyakova,  S.  I,  Sergi- 
evskaya,  A.  S.  Sellvanova,  A.  M.  Khukhrlkova,  T.  A.  Volkova,  E.  A.  Grekova,  S.  V. 
Kirilova  and  L.  K.  Malkina,  This  material  was  the  subject  of  S.  S*s  doctor’s 
thesis,  which  was  submitted  by  him  in  February  1917  at  St.  Petersburg  Univer¬ 
sity.  In  19^6  S.  S.  turned  again  to  a-lsocamphenylone,  and  together  with  S.  S. 
Kahan  [273]  carried  out  an  interesting  cycle  of  transformations  from  cam¬ 
phenylone  through  apocyclene  to  a-isocamphenylone.  The  latter  was  converted 
into  the  saturated  hydrocarbon  camphenylane  by  the  catalytic  decomposition  of 
its  semlcarbazone  by  Klzhner’s  method. 

In  1915  S.  S.  prepared  the  same  a-lsocamphenylone  from  camphenylane  by 
treating  it  with  dilute  nitric  acid  [21].  By  these  two  Investigations  a  closed 
cycle  of  inversions  was  brought  about  (from  camphenylane  through  secondary  rlltro- 
camphenylane  to  a-lsocamphenylone,  and  back  from  a-lsocamphenylone  through  Its 
semlcarbazone  to  camphenylane]  and  It  was  shown  that  In  the  complex  transition 
of  camphenylone  through  apocyclene  to  a-isocamphenylone  the  bicycllc  system  of 
camphenylone  does  not  undergo  any  changes. 

It  Is  seen  from  this  that  bicycllc  systems  interested  S.  S.  up  to  the  end 
of  his  life,  as  also  did  the  nitration  reaction,  in  the  range  of  all  his  activi¬ 
ty,  In  1925  he  applied  the  nitration  reaction  as  a  worthwhile  method  for  tri¬ 
cyclic  hydrocarbons,  beginning  a  series  of  new  papers,  in  common  with  A.  S.  Za¬ 
brodina  . 


This  work  led  S.  S.  to  produce  true  derivatives  of  camphene,  which  re¬ 
tained  the  semlcyclic  double  bond  characteristic  of  this  hydroceurbon. 

As  a  result  of  the  nitration  of  tricyclene  [68,  75]>  o'-iil'trocamphene  was 
obtained  through  an  intermediate  reaction  product,  the  nltroalcohol: 

CH2 - CH - GHz 


CHg - pH - CHg 

H3C— C-CHa 
Q.» - K^CHNOa 
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a-N itrocamphene 


f  On  a  basis  of  the  inaccurate  data  of  Kcmmpa  and  KhLnttlk  on  the  properties 
of  the  a-isocamphenylone  prepared  by  them,  S.  S.  first  assigned  the  structure  of 
the  3- isomer  to  the  isocamphenylone  which  he  prepared. 
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Further,  from  a-nitrocamphene  [75 Ij 
camphenone  [70,  77]  were  obtained. 
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a-aminocamphene  and  the  ketone  a- 
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! 
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By  converting  a-aminocamphene  into  the  quaternary  base  and  distilling  the 
latter,  an  unsaturated  hydrocarbon  C10H14  with  two  double  bonds  was  obtained,  a 
also  with  a  heptacyr'iic  ring.  This  hydrocarbon,  which  S  S  called  isocampho- 
diene  [192]>  was  converted  on  hydrolysis  to  the  alcohol  tricyclenol,  which  proved 
to  be  tricyclic  The  latter  was  converted  to  the  tricyclic  ketone,  tricyclenone, 
by  oxidation  with  a  chromic  mixt'ore. 
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To  demonstrate  the  structure  of  this  ketone  S.  S.  converted  it  by  the 
catalytic  decomposition  of  the  semi  arbazone  to  a  hydrocarbon  which  was  shown 
to  be  tricyclene  [253,  25^]. 

Thus,  proceeding  from  tricyclene  through  true  derivatives  of  camphene,  the 
same  hydrocarbon  tricyclene  was  obtained.  In  this  case  S.  S.  resorted  to  his 
usual  method  of  procedure  -  a  closed  cycle  of  changes  -  hydrocarbon,  series 
of  new  intermediate  products  and  the  hydrocarbon  again,  a  valuable  process  which 
helped  him  so  much  in  the  study  of  bicyclic  systems.  Sergei  Semeonovlch  exten¬ 
ded  his  investigation  ,  in  which  the  starting  substance  was  tricyclene,  to  4- 
methylcyclene  from  which  4-methyl -a-nitroramphene  and  4—methyl -a- camphenone 
[179,186]  were  obtained.  His  work  on  the  preparation  and  study  of  these  new 
derivatives  of  camphene,  which  were  not  knom  before  his  time,  opens  quite  a 
new  field  in  camphor  chemistry. 

Substantial  and  interesting  results  were  obtained  by  S.  S.  in  his  work 
connected  with  the  preparation  of  Individual  hydrocarbons  of  the  terpene  series. 
In  research  on  a  reaction  which  would  not  give  rise  to  isomerlzations  in  the  de¬ 
hydration  of  alcohols,  S.  S.  focused  his  attention  on  L.  A.  Chugaev*s  xanthate 
reaction.  Applying  this  reaction  to  isofenchyl  alcohol,  S.  S.  and  A.  K.  Ruzh- 
entseva  obtained  a  new  bicyclic  unsaturated  terpene  “  fenchylene  [27,  35],  which 

\ 
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is  formed  vithout  isomerization  of  the  molecule  of  the  original  alcohol. 

CHa - 9H - C  ( CH3 )  2  CH - CH - C  ( CH3 )  a 


ifia 

Isofenchyl  alcohol 


CE - 


Fenchylene 


It  must  be  noted  that  fenchylene  is  the  only  individual  unsaturated  hydro¬ 
carbon  in  the  fenchone  series . 

S.  S.  further  ascertained  that  in  those  cases  when  dehydration  by  the  xan- 
thate  method  cannot  take  a  normal  course  because  of  the  structure  of  the  alcohols, 
water  is  split  off  in  two  ways:  l)  in  the  1-3  position  with  the  formation  of  a 
new  ring,  and  2)  in  a  way  duplicating  the  radicals  formed  on  the  dehydration  of 
the  alcohol.  Thus,  fenchyl  alcohol  (1st  way),  as  S.  S.  and  A.  S.  Sellvanova 
showed,  gives 


HHa— pE— C(CH3)2 

1  - 

CH2-  9 —  CHOH 
CH3 

Fenchyl  alcohol 


H2_j:H_C(CH3)2 

CEz 


Cyclofenchene 


Benzyl  alcohol,  however  (2nd  way),  gives  stilbene  [72,  79]  (S.  S.  Nametkln 
and  D.  N.  Kursanov) ; 

2C6H5CH20H  C6H5CH=CHC6H5  +  2H2O 

S.  S.  also  found  that  together  with  cyclofenchene,  fenchene,  probably  d,  j.- 
fenchene,  is  obtained  from  fenchyl  alcohol.  This  Indicates  a  possibility  of  the 
isomerization  of  the  bicyclic  system  in  the  dehydration  reaction  even  by  L.  A. 

Chugaev's  method,  because  the  partial  dehydration  „ _  .. _ 

of  alcohols,  especially  bicyclic  ones,  in  the  1-3  ^  |  ^ 

position.  Judging  by  numerous  examples,  is  a  gen-  H3C — C — CH3 

eral  phenomenon  which  naturally  raises  the  ques-  _ rn 

tion  of  the  method  by  which  it  could  be  determined  ^  d  1  Fenchene  ^ 
whether  the  given  hydrocarbon  contains  a  double 

bond  or  a  three -membered  ring.  In  connection  with  this  Sergei  Semeonovich  and 
L.  Ya.  Brusova  worked  out  a  quantitative  method  of  determining  unsaturated  hy¬ 
drocarbons  in  the  presence  of  saturated  and  tricyclic  ones  [69,  80]j  this  method 
consists  in  the  action  of  a  slight  excess  of  benzoyl  peroxide  on  the  hydrocarbon. 
It  was  shown  by  means  of  this  reaction  that  bornylene  xanthate  really  only  con¬ 
sists  of  80^  bornylene,  20^  being  trlcyclene .  These  results  are  in  agreement 
with  the  fact  that  L.  A.  Chugaev  and  Budrik  succeeded  in  isolating  trlcyclene 
from  bornylene  xanthate  This  method  of  S.  S.  may  also  be  applied  to  the  deter¬ 
mination  of  the  number  of  double  bonds  in  the  hydrocarbon,  as  shown  in  the  exam¬ 
ple  of  llmonene. 

A  large  amount  of  work  was  carried  out  by  S.  S.  in  the  study  of  tricyclic 
hydrocarbons  and  their  hydration  reactions.  The  following  pupils  of  Sergei 
Semeonovich  took  i>art  in  this  work:  Z.  P.  Alexandrova,  L.  Ya.  Brusova,  S.  I. 
Obtemperanskaya,  G.  A.  Serebrenikov  and  others  [93,  101,  117^  267*269].  It  was 
shown  that  the  hydration  of  tricyclic  hydrocarbons  proceeded  in  several  direc¬ 
tions,  leading  not  to  one  but  to  several  alcohols 5  an  example  of  this  is  the  hy¬ 
dration  of  isocyclene,  which  forms  epllsoborneol,  ^-methyl-a-isocamphenylol  and 
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probably  4-methylcamphenylol  (the  latter  requires  experimental  confirmation) . 


S.  S,  first  observed  in  his  investigations  the  phenomenon  of  the  isomeri¬ 
zation  of  one  ring  into  another,  viz.  pentamethylene  into  hexamethylene,  in  1911^ 
and  from  then  till  the  end  of  his  career  he  did  not  cease  to  be  interested  in 
this  phenomenon.  In  conjunction  with  0.  N.  Morozova  [23],  N.  M  Delektorskaya 
[53,  6l],  D.  M.  Gabriadze  [255]  and  M.  A.  Volodina  [274,  298],  S.  S.  discussed 
different  instances  of  the  conversion  of  certain  alicyclic  systems  into  others. 

The  theoretical  side  of  this  phenomenon  interested  S.  S.  and  he  gave  it  a  reason 
based  on  the  stereochemical  theories  which  were  new  at  that  time.  Cases  of  iso¬ 
merization  of  more  stable  systems  (i.  e.  with  less  tension,  for  example,  deri¬ 
vatives  of  cyclopropane)  into  less  stable  ones  (i.e.  with  more  tension,  for  ex¬ 
ample,  compounds  of  the  ethylene  series)  are  in  complete  opposition  to  Baeyer*s 
strain  theory,  but  these  isomerizations  are  not  subject  to  any  doubt.  Against 
the  strain  theory  S.  S.  added  two  more  considerations*,  one  based  on  thermo¬ 
chemical  data,  and  the  other  concerning  the  conception  of  multiple  bonds.  The 
strain  theory,  which  gives  a  known  mechanical  interpretation  to  the  idea  of  the 
multiple  bond,  serves  for  its  confirmation.  It  follows  from  this  that  all  the 
arguments  which  can  be  quoted  against  the  idea  of  the  multiple  bond  are  directed 
also  against  the  strain  theory.  And  S.  S.  considered  it  quite  a  hopeless  tabk 
to  explain  the  interconversion  of  rings  from  the  point  of  view  of  this  theory. 

Since  the  fundamental  statement  of  the  constancy  of  valency  of  the  carbon 
atom  is  the  weak  point  of  classical  stereochemistry,  S.  S.  sought  an  explanation 
for  the  phenomenon  of  isomerization  of  rings  in  such  stereochemical  views  as 
differ  in  the  question  of  valency  from  those  of  classical  stereochemistry.  At 
that  time  the  observations  of  A.  Werner  [52,  7^]  were  of  this  kind,  and  by  deve¬ 
loping  certain  points  of  this  theory,  S.  S. explained  the  phenomenon  of  the  isomeri¬ 
zation  of  rings.  The  theoretical  grounds  given  by  Sergei  Semionovich  for  the 
phenomena  of  the  isomerization  of  rings  were  no  doubt  new  at  the  time  (1920- 
1930).  The  criticism  of  and  deviation  from  the  universally  adopted  Baeyer*s 
strain  theory  exposed  S.  S.  as  a  daring  and  originally  intellectual  scientist. 

In  the  light  of  his  theoretical  ideas  S.  S.  raised  the  question  of  the  order  of 
the  addition  at  the  place  of  the  cyclic  double  bond.  From  the  point  of  view  of 
classical  stereochemistry  the  question  of  the  order  of  addition  at  the  place  of 
the  multiple  bond  is  easily  decided.  Tetrahedral  models  show  that  the  addition 
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reaction  in  the  given  case  can  take  place  only  in  the  cisposition.  Experimental 
Investigations,  however,  show  exceptional  deviations  from  the  requirement  of  the 
theory.  To  explain  the  question  of  the  order  of  addition  to  the  multiple  bond 
in  the  alicyclic  series,  S.  S.  performed  a  series  of  experiments  preparing  a- 
glycols  from  unsaturated  compounds.  The  following  students 'of  S,  S.took  part  in 
the  numerous  experiments:  V.  A.  Khokhryakova,  A.  G.  Yartseva,  N.  M.  Delektors- 
kaya,  N.  F.  Ivanova,  L.  Ya.  Bryusova  and  others  [48,’ 5^,  5^].  The  glycols  were 
obtained  by  (l)  preparation  of  the  oxide  from  the  unsaturated  hydrocarbon  and  its 
subsequent  hydration  to  the  glycol,  and  (11)  the  oxidation  of  the  unsaturated 
hydrocarbons  to  the  glycols  by  potassium  permanganate  [^9]»  As  a  result  of  these 
experiments  it  was  established  beyond  doubt  that  both  els-  and  trans-glycols  can 
be  obtained  from  the  same  unsaturated  hydrocarbons,  depending  on  the  method  of 
preparation. 


The  stereochemical  ideas  developed  by  S.  S.  gave  a  simple  and  graphic  pic¬ 
ture  of  addition  at  the  multiple  bond,  explaining  the  possibility  of  addition 
both  in  the  cis-  and  in  the  trans-position.  S.  S.  used  these  ideas  of  his  on 
the  order  of  addition  to  a  cyclic  double  bond  to  explain  the  possibility  of  the 
formation  of  an  optically  individual  saturated  hydrocarbon  obtained  by  the  hydro¬ 
genation  of  1-plnene  [39]^  thus  deciding  this  very  complex  and  confused  question. 
SimultaneousTy  with  these  investigations  S.  S.  took  up  another  Interesting  theore¬ 
tical  question,  that  of  the  mechanism  of  the  action  of  permanganate  on  unsatura¬ 
ted  compounds  [^9,  64,  66].  In  conformance  with  his  ideas  on  the  order  of  addi¬ 
tion  at  a  cyclic  double  bond,  S.  S.  gave  the  following  scheme  for  the  oxidation 
of  an  unsaturated  compound  by  permanganate: 


^CH— OMnOsOK 
OMnOaOK 
(I) 


KOOaMN—O— CH 


BC—OMnOfiOK 


(II) 


By  the  action  of  water  each  of  these  initial  reaction  products  Is  decom¬ 
posed  with  the  formation  of  the  glycol.  E.g.: 

I  +  2B20  I  +  2KHMn04 

JP — OMnOzOK  ^OH  ‘ 

This  scheme  explains  both  cis-  and  trans-  additions  of  hydroxyl  groups  as 
a  result  of  the  oxidation  reaction.  Moreover,  there  is  an\essential  difference 
and  advantage  of  S.  S*s  scheme  over  Wagner’s,  according  to  which  only  cis-  com¬ 
pounds  can  be  formed.  \ 


Not  less  Interesting  and  profound  are  S.  S*s  stereochemical  ideas  as  adapted 
to  compounds  of  the  terpenes  and  camphor  series.  Among  S.  S*s  works  in  the 
latter  field,  his  extensive  investigations  on  the  study  of  tricyclic  hydrocar¬ 
bons  are  interesting.  On  examining  the  structures  possible  for  these  hydrocar¬ 
bons,  S.  S.  beceune  interested  in  the  question  of  the  possibility  and  conditions 
of  existence  of  an  optical  isomer  in  some  of  their  representatives.  The  simplest 
tricyclic  hydrocarbon,  apocyclene,  has  the  structural  Formula  (I).  By  a  simple 
rearrangement  this  formula  can  be  represented  in  a  different  way  [Formula  (II)]. 
These  formulas  which  are  absolutely  Identical  from  the  structural  point  of  view, 
can  be  distinguished  from  each  other  stereochemlcally  [ll6,  131]  (See  next  page) 


Model  (Ila)  corresponds  to  Formula  (II).  This  model  coincides  with  its 
mirror  image,  and  it  must  therefore  correspond  to  an  inactive  modification  of 
apocyclene . 


Model  (la)  corresponds  to  Formula  (I).  It  does  not  coincide  with  its 
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structural  formulas 


CD 


HsC' 


HC‘ 


CHs 


CH 


c:CH3)2 

'CH 

CHa 


H3C-*0*CH3 


1CH2 


HaC 


CH 


(ID 


stereochemical  models 
A 

'-^,CE2 


j _ -^-^CH 

(la) 


B 

Mirror 


(H3C)2C__ 
'  H2C 

I  I 

Hcl--] 

'(i 


mirror  image,  and  therefore  must  correspond  to  optically  active  apocyclene  S.  &*8 
attempts  to  obtain  optlcally-actlve  apocyclene  from  optlcally-actlve  camphene  gave 
no  positive  results.  Since  all  possibility  of  racemlzation  is  excluded  in  the 
given  reaction,  S.  S. attributed  the  loss  of  optical  activity  of  apocyclene  to  the 
disappearance  of  asymmetry  of  the  molecule  in  apocyclene,  i.  e.  to  the  appearance 
of  a  plane  of  symmetry  in  it.  This  deduction  must  Introduce  a  number  of  substan¬ 
tial  alterations  into  the  stereochemical  formulas  of  apocyclene.  In  order  that 
the  model  of  apocyclene  may  be  symmetrical,  it  is  necessary  for  its  three-mem- 
bered  ring  to  be  an  equilateral  triangle.  On  the  perpendicular  erected  in  the 
center  of  this  triangle  to  its  surface,  there  must  be  a  carbon  atom  common  to  all 
three  rings.  On  this  perpendicular  at  angles  of  120®,  3  surfaces  Intersect,  in 
which  the  3  remaining  carbon  atoms  are  symmetrically  arranged,  forming  the  given 
tricyclic  system. 


This  model  coincides  with  its  mirror  image  and  corresponds  to  the  inactive 
form  of  apocyclene,  1.  e.  the  natural  one,  as  follows  from  experiment. 

S.  S.  also  gives  similar  models  for  three  other 
optically- inactive  tricyclic  hydrocaxbons ;  tricy- 
clene,  isocyclene  and  methylcyclene  (see  following 
page) . 

With  regard  to  cyclofenchone  [91] ^  a  model 
corresponds  to  it  which  does  not  coincide  with  its 
mirror  image  .  This  is  in  complete  agreement  with 
the  optical  activity  of  the  given  hydrocarbon (see 
following  page). 


In  this  way  S.  S.  gave  new,  accurate,  stereochemi¬ 
cal  models  for  every  known  tricyclic  hydrocarbon  -  models  which  are  in  complete 
agreement  with  the  optical  properties  of  these  hydrocarbons  (see  following  page). 


In  1918  S.  S.  began  his  classical  and  indisputably  fundamental  researches 
on  the  homologs  of  camphor,  which  led  him  to  a  discovery  of  great  theoretical 
significance,  a  rearrangement  which  received  the  name  of  the  camphene  rearrange¬ 
ment  of  the  2nd  kind,  or  the  Nametkin  rearrangement  [02,  89]  in  contrast  to  the 
rearrangement  of  the  1st  kind,  or  the  Wagner  rearrangement.  This  work  was  carried 
out  with  the  closest  support  of  his  collaborator  L.  Ya.  Bryusovaj  the  following 
also  took  part  in  different  stages  of  the  work:  A.  M.  Khukhrikova,  A.  I.  Shavry- 
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:H3  ---  CEq 


Cyc lof enchene 


gin,  A.  S.  Kichklna,  M.  K.  Strugatsky,  G.  A.  Serebrenikova,  M.  A.  Shlizenger, 

D.  N.  Kursanov,  S.  S.  Kahan,  T.  V.  Sheremeteva ,  S.  I.  Obtemperanskaya  and  a  num¬ 
ber  of  S.  a»s  other  students  [31-35,  ^0,  67,  89,  91,  IO6,  II5,  12?,  13^,  136, 
137,  1^6,  147,  166,  172,  177-179,  186,  187,  193,  258,  259,  267,  209,  273,  275]. 

Being  interested  in  the  study  of  different  homologs  of  camphor,  S.  S.  chose 
the  most  efficient  method  of  preparing  them:  from  the  homologs  of  camphene 
through  the  corresponding  isoborneols  to  the  corresponding  homologs  of  camphor. 
Thus,  starting  from  a-CHa- camphene,  which  is  formed  from  tertiary  methylfenchyl 
alcohol  by  the  normal  elimination  of  water  [33],  methylisoborneol  was  obtained 
and  by  oxidation  of  the  latter,  methylcamphor  [31] • 

According  to  Wagner’s  generally  accepted  scheme  for  the  conversion  of  cam¬ 
phene  into  camphor,  these  compounds  must  contain  a  methyl  group  in  position  6. 

The  rearrangement  of  a- CH3- camphene  to  6-CH3-isoborneol  according  to  Wag¬ 
ner  is: 


(CH3)2C— CH—CH2 
CHs 


H2C=C — C - CH2 

I 

CH3 

CH2— (j:H —  CH2 


H3C-C-CH: 


3 


H3C-C- 


CH2 


r 


CH3 


OH 


(CH3)2C— Cft— CH2 

CH3  I  KI 
c — c — CH2 

iH3 

CH2— CH - CH2 

'  i-C 


H3C-O-CH3 


H3OCH- 


■CHOH 


CH3 

6-CH3-Isoborneol 


Elimination  of  water  from  6-CH3-isoborneol  leads  to  the  formation  not  of  one 
but  of  two  unsaturated  hydrocarbons,  of  which  one  is  the  original  a-CH3-camphene, 
but  the  other— the  main  product  of  the  reaction— according  to  Wagner  must  be  6-, 
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or  what  is  the  same  thing,  3-CH3-camphene  [52]. 

The  rearrangement  of  6-CH3-isoborneol  to  3-CH3-camphene  according  to  Wag¬ 
ner  is: 


CH2— -CH - 

H3C-C-CH3 
H3C-CH - (j: - 


-CHs 


CH3 

6-CH3-Isoborneol 


CH2— CH - CH2 

H3C-O-CH3 


CH2— CH - C(CH3)2 

CH3 


■CHOH  H3C-CH 


H3C-C=^0H 


or  I  CH2 
CH  H3C-CH — Ah C<^ 


OH 


CH2— CH— C(CH3)2 
CH2 

H3(m;h — CH— c =ch2 
6-  or  3-CH3-Camphene 


The  question  of  the  position  of  the  CH3  group,  so  it  seemed,  need  not  have 
raised  doubt,  because  these  groups,  according  to  Wagner,  could  not  occupy  any 
other  position  but  6.  But  the  innate  extent  and  accuracy  of  S.  S*s  analysis  in 
the  explanation  of  the  data  obtained  required  evidence  of  the  accuracy  of  the 
accepted  formulas,  evidence  directly  connected  with  establishing  the  positions 
of  the  methyl  groups  in  these  compounds.  As  a  result  of  many  extremely  interest¬ 
ing  investigations,  Sergei  Semeonovich  and  L.  Ya.  Bryusova  found  that  the  CH3- 
group  in  these  compounds  occupied  position  4,  and  not  6  [91]*  These  facts  were 
not  included  in  any  way  in  Wagner's  scheme,  and  after  close  study  of  the  possi¬ 
ble  cases  of  pinacolin  rearrangements,  S.  S.  gave  an  accurate  and  exquisite  ex¬ 
planation  of  the  phenomenon  studied  He  gave  a  new  scheme  for  the  transition 
from  the  camphene  system  to  the  camphor  system. 

A  characteristic  feature  of  this  new  scheme  is  the  preliminary  change  of 
place  of  the  hydroxyl  or  corresponding  acid  radical  with  one  of  the  geminal 
methyl  groups  of  the  camphene  system.  Owing  to  this  the  usual  isomerization 
of  the  fairly  unstable  system  of  camphene  hydrate  or  methyl  camphene  hydrate 
to  the  more  stable  system  of  Isoborneol  or  methyllsoborneol  takes  place. 

The  camphene  rearrangement  of  the  2nd  kind,  or  the  S.  S.Nametkin  rear¬ 
rangement,  is 


CHg— CH— (j;<^ 

CH^(J - C<^ 

CH3 


CH3 

CH3 

,CH3 

OH 


'•U  ^ 


,CH3 


a- CH3- Camphene 
CH2- 


I  CH3-(j:“CH3 

CH2 - (j) - 

CH3 

4-CH3- Isoborneol 


CH2— CH— C<^ 

I 


OH 

CH3 

CH3 


CHOH 


•CHOH 

1 

or 

CHa — 1 - CCH3 

■CH2 

- 

CHs 

CHa  C 

In  spite  of  the  introduction  of  a  substantial  change  into  the  treatment  of 
the  rearrangement  which  takes  place  on  the  conversion  of  a-CH3- camphene  to 
CH3- Isoborneol,  this  conversion  must  be  regarded  as  one  of  the  aspects  of  the 
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plnacolln  rearrangement,  but  proceeding  in  a  more  complex  way  than  in  Wagner *6 
scheme.  The  acceptance  of  this  rearrangement  explained  all  possible  conver¬ 
sions  in  the  case  of  a  methylated  camphor. 


S.  S.  understood  that  the  new  aspect  of  the  rearrangement  suggested  by  him 
was  not  limited  to  the  particular  case' of ‘ a-CHa-camphene  to  ^-CHa-isoborneol, 
but  was  of  general  significance.  Actually  the  necessity  for  this  rearrangement 
was  shown  in  the  examples  a-phenylcamphene  to  4-phenylborneol  (in  collaboration 
with  D.  N.  Kursanov  and  A.  S.  Kichkina  [106,  127]  and  also  with  T.  V,  Sheremet- 
eva  [258,  259,  275]  and  a-propylcamphene  to  propyl isoborneol  (in  colloboration 

with  A.  I.  Shavrygln  [136,  l46,  166,  193])*  However,  the  rearrangement  of  the 
2nd  kind  does  not  completely  replace  the  Wagner  rearrangement,  which  is  also  pre 
served.  Thus,  dehydration  of  ^-CHa-lsoborneol  to  3-CH3-camphene  proceeds  by  the 
usual  Wagner  scheme.  Just  as  the  hydration  of  3-CH3-camphene  to  ^-CHa-lsoborneol 

The  rearrangement  of  3-CH3-camphene  to  ^-CHa-isoborneol  is 


QH3 

CHa— 6 - C(CH3)2 

CHa 


C=CHa 


P-CHs-Camphene 


CHa 


^-CHa-Isoborneol 


The  conversion  of  a-CHa-camphene  to  ^-CHa-isoborneol,  however,  takes  place 
according  to  S.  S.  Nametkln*s  scheme.  An  essential  difference  in  the  mechanism 
of  the  same  reaction  for  these  two  Isomeric  hydrocarbons  is  stipulated  by  pe¬ 
culiarities  of  their  structure.  And  in  the  other  cases  the  abnormal  or  predomi¬ 
nant  occurrence  of  one  of  the  two  rearrangements  depends  on  the  peculiarities  of 
structure  of  those  hydrocarbons  or  alcohols  which  enter  into  the  reaction. 


In  the  simplest  case  of  the  conversion  of  isoborneol  into  camphor  and  vice 
versa,  both  rearrangements  (I  and  II)  apply  equally  well. 

The  conversion  of  camphene  to  isoborneol  according  to  Wagner  is 


CHa—CH - C(CH3)2 

(jjHa  - 

CHa — CH - C=CH2 


CHa — (j)H— C  ( CH3 )  2 

1 

CHs—CH - C<^ 

X)H 

CHa—CH - CHa 

HaO^CHs 

CHa— C - CHOH 

CHa 


CHa—CH - 

HaC-C-CHa 

CHa — I - 


CHa 


‘CH 


C^CHa 

^OH 


‘4 
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The  conversion  of  camphene  to  Isoborneol  according  to  S.  S.  Nametkin  is 


CHi^H - C(CH3)2 


CHg— CH - C=CH2 


ch2— pH — cc:^ 

I  CHa  I 

CH2— CH - 1<^ 


CEq 

CHa _ ^ 

OH 


fcHa 


^Hz— j 

;h - C 

1 

1  1 

CH2— CH - C 

CHa 

OH 

CHa 

CHa 


CHa 

CH2 - - CHOH 

- ►*  I  HaC — C“CHa 

CH2 - CH - CH2 

The  camphene  rearrangement  of  the  2nd  kind  suggested  by  S.  S.  untangled 
a  complicated  knot  of  hitherto  incomprehensible  isomeric  transformations  in  the 
camphor  group  and  gave  an  accurate  idea  of  the  possible  courses  of  isomerization 
processes  in  a  free  molecule  of  camphor. 
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In  close  connection  with  the  camphene  rearrangement  of  the  2nd  kind  dis¬ 
covered  by  Sergei  Semeonovlch  there  is  his  idea  of  the  phenomena  of  racemization 
in  the  change  from  optically-active  camphene  to  isoborneol  and  back,  and  also 
of  other  optical  relationships  observed  in  similar  changes  of  substituted  ceun- 
phenes  and  isobomeols.  A  pupil  of  S.  S. ,  the  late  professor  Shavrygin,  took 
part  in  the  development  of  these  ideas  [155^  172] . 


The  transition  from  camphene  to  isoborneol,  expressed  by  configurational 
formulas,  gives  a  graphic  picture  of  the  transformations  which  accompany  rear¬ 
rangements  of  the  1st  and  2nd  kinds  (Scheme  1).  The  isobomeols  formed  are 
mirror  images  of  each  other,  and  therefore  they  can  give  a  racemic  mixture  in 
suitable  conditions.  The  reverse  process  of  elimination  of  water  from  iso¬ 
borneol  leads  to  camphenes  which  also  correspond  to  each  other  as  an  object  to 
its  mirror  image,  and  a  racemic  mixture  can  be  obtained  here  (Scheme  2).  In 
both  these  changes,  at  the  beginning  of  the  process  one  of  the  courses  of  the 
reaction  which  accompanies  a  rearrangement  of  the  1st  kind  has  preference  over 
the  other  course,  i.  e.  a  rearrangement  of  the  2nd  kind.  Actually,  both  these 
courses  have  a  first  stage  in  common  (camphene  hydrate  or  its  acetate),  after 
which  the  change  to  the  final  product  of  the  reaction  proceeds  directly  in  a 
rearrangement  of  the  1st  kind,  but  in  a  more  protracted  way  through  an  interme¬ 
diate  stage  in  a  rearrangement  of  the  2nd  kind. 


The  change  from  camphene  to  isoborneol,  expressed  in  configurational  for¬ 
mulas,  is:  (see  next  page). 

Only  in  the  long  process  and  its  reverse  can  both  these  courses  of  the 
reaction  be  in  quantitative  equilibrium  and  give  a  racemic  mixture;  if  the 
process  is  not  continued  long  enough  the  full  racemization  of  the  product 
cannot  take  place.  In  this  way  S.  S.  explains  the  case  observed  by  certain 
authors  of  the  formation  from  active  camphene  of  active  isoborneol  and  vicef 
versa . 


By  the  difference  of  these  rearrangements  I  and  II  S.  S.  further  explained 
the  impossibility  of  racemization  in  the  conversions  of  the  camphene  homologs 
substituted  in  positions  1  and  4  to  the  corresponding  homologs  of  isoborneol 
and  vice  versa  (Scheme  3).  The  elimination  of  water  from  ^-CHa-isoborneol  in 
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CHa  Scheme  1 . 


camphene  rearrangement  I  leads  to  P-CHa-camphene  as  the  main  product  of  the 
reaction.  The  second  hydrocarbon  obtained  by  this  reaction,  a-CHa  camphene,  is 
formed  by  way  of  camphene  rearrangement  II;  a  -  and  ^-CHa-camphenes  are  structu¬ 
ral  isomers  and  therefore  the  phenomena  of  racemization  cannot  take  place.  The 
reverse  change  from  a-  and  3-substituted  camphenes  to  isoborneols  substituted 
in  the  4  position  also  proceeds  without  racemization.  These  cases  were  con- 
finned  experimentally  by  S.  S.  on  the  4-CHa-isoborneol  [192]  and  V-propyliso- 
borneol  [253^  254]  obtained  by  him  and  his  collaborators  from  the  corresponding 
a-substituted  camphenes. 

The  change  from  isoborneol  to  camphene,  expressed  in  configurational  for 
mulas,  is:  (see  following  page). 

The  alcohols  indicated  were  optically  active,  although  they  were  obtained 
by  the  same  Bertram  — Wahlbaum  reaction,  which  in  the  conversion  of  camphene  in¬ 
to  isoborneol  is  accompanied  by  racemization.  The  interesting  cases  of  the  con¬ 
version  of  d-camphor  to  1-camphor  and  vice  versa,  observed  by  Khuben  and  Pfankuch, 
were  also  very  graphically  and  simply  explained  by  Sergei  Semeonovich  by  the 
successive  application  of  rearrangements  I  and  II  (Scheme  4). 

The  material  adduced  is  of  great  theoretical  significance  for  the  rear¬ 
rangement  II  discovered  by  Sergei  Semeonovich,  which  permits  delicate  and  com¬ 
plicated  intramolecular  reactions  in  the  camphor  series  to  be  distinguished 
from  each  other. 

However  short  our  far- from- complete  account  is  of  the  work  of  S.  S»  on 
alicylic  compounds,  it  nevertheless  depicts  him  as  a  great  first  class  experi¬ 
menter  and  profound  theorist,  the  follower  and  continuer  of  the  Butlerov—  Zait¬ 
sev  -Zelinsky  school. 
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^-Camphene  i-Camphene 


Scheme  2. 

The  change  from  ^-CHa-lsoborneol  to  a-  and  3*niethylcaniphenes,  expressed  In 
configurational  formulas,  is  shown  in  Scheme  (see  following  page). 

The  conversion  of  d-camphor  to  ^-camphor,  expressed  in  configurational 
formulas,  Is  shown  In  Scheme  (see  following  page). 

Petroleum  Chemistry 

The  extensive  research  of  S.  S.  Nametkln  on  the  chemistry  and  hemical 
technology  of  petroleum,  developed  systematically  since  1926  in  connection  with 
his  work  in  the  State  Petroleum  Research  Institute  and  since  193^  in  I.G.I.  and 
the  Petroleum  Institute  of  the  Academy  of  Sciences  of  the  USSR,  occupies  a 
special  place  in  his  experimental  work.  The  subjects  of  these  researches  are 
very  diverse  . 

First  of  all  we  find  amongst  them  a  number  of  papers  devoted  to  the  charac  - 
terlzation  of  petroleums  of  new,  imperfectly-studied  deposits.  Those  investiga¬ 
tions  were  carried  out  for  example  with  the  help  of  L.  N.  Abakumovskaya,  S*  S. 
Nlfontova,  V.  G.  Puzlllo,  S.  P.  Uspensky  and  E.  M.  Shakhnazarova  on  Saldialin 
petroleums,  Kamchatka  petroleum  and  the  first  petroleum  of  the  ”  Second  Baku**? 
and  here  the  research  carried  out  with  S.  R.  Pavlova  on  the  asphalt  of  the 
great  Okhin  asphalt  lake  may  be  reported  [95^  96,  96,  109^  111>  125,  126,  130, 
283,  268,  289].  At  the  same  time  work  was  inaugurated  and  conducted  on  iden¬ 
tifying  the  approximate  composition  of  natural  gases  and  certain  petroleum  pro¬ 
ducts  . 


Research  on  the  composition  of  natural  combustible  gases  was  carried  out 
under  the  direction  of  S,  S.  Nametkin  and  with  his  close  participation  by  a 
team  consisting  of  A.  S.  Zabrodina,  A,  S.  Karkanas,  D.  N,  Kursanov,  V.  A,  Soko¬ 
lov,  S.  P.  Uspensky  and  others.  The  natural  combustible  gases  from  the  following 
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districts  were  taken  and  analyzed:  Baku  (9  deposits),  Dagestan  (3  deposits), 
Grozny  (2  deposits),  Chusov  (Chusov  town  deposit),  Melitopol  (2  deposits),  and 
Tamen  (ll  deposits).  The  composition  of  the  hydrocarbon  portion  of  the  gases 
was  determined  by  distilling  them  in  a  high  vacuum  at  low  temperatures,  beginning 
at  the  temperature  of  liquid  air  in  the  original  specially  constructed  apparatus, 
over  mercury.  This  was  virtually  the  first  investigation  of  its  kind  to  be 
carried  out  on  sui'h  a  large  scale  on  natural  combustible  gases  in  the  Union 
[129,  135]. 

Besides  the  natural  gases,  the  oily  fractions  of  petroleum  and  the  solid 
petroleum  products,  paraffins  and  ceresins  [91,  13^,  l82,  l8^]  also  drew  the 
attention  of  S.  S.  in  regard  to  their  approximate  composition.  In  order  to 
reach  a  decision  on  the  extremely  complicated  question  of  the  composition  of 
the  oily  fractions  of  petroleum,  Sergei  Semeonovich  and  E.  S.  Pokrovskaya  began 
to  a-'cumulate  the  synthetic  material  which  had  to  serve  for  comparison  with 
different  oily  fractions.  This  great  lab or -consuming  work  which  was  also  being 
carried  out  in  a  number  of  foreign  laboratories  is  now  being  continued  indepen¬ 
dently  by  E.  S.  Pokrovskaya  [I96,  200,  278]. 

Extremely  interesting  results  were  obtained  by  S.  S.  Nametkin  and  S.  S. 
Nifontova  in  a  comparative  investigation  of  the  approximate  composition  of 
paraffins  and  ceresln.  Three  products,  lignite  paraffin,  petroleum  paraffin, 
and  ceresln  [I38,  182,  l84],  carefully  freed  from  oily  impurities,  were  sub¬ 
jected  to  nitration  by  M.  N.  Konovalov's  method.  It  was  found  that  nitration 
of  lignite  paraffin  gave  chiefly  a  secondary  nitrocompound  of  the  composition 
C26H53NO2;  not  more  than  of  a  tertiary  nitrocompound  was  obtained,  evidently 
only  as  a  by-product.  Hence  it  is  clear  that  lignite  paraffin  consists  mainly 
of  normal  hydrocarbons  of  the  methane  series.  Nitration  of  petroleum  paraffin 
also  gave  as  the  main  reaction  product  a  secondary  nitrocompound  of  slightly 
different  composition  (C24H49NO2),  in  addition  however,  a  tertiary  nitrocom¬ 
pound  of  the  same  romposition  is  obtained  in  considerable  quantity  (up  to  35^)* 

It  therefore  follows  that  in  petroleum  paraffin  there  is  a  considerable  quan¬ 
tity  of  isoparaffins  in  addition  to  the  normal  hydrocarbons  of  the  methane  series. 
Finally,  ceresln  (average  molecular  weight  C45H92)  gave  a  tertiary  nitrocom¬ 
pound  of  the  composition  C45H9iN02  as  the  main  product  of  nitration  by  Konova¬ 
lov's  method,  and  therefore  ceresln  consists  of  isohydrocarbons  of  the  methane 
series,  i.  e.  isoparaffins. 

Mention  should  also  be  made  of  S.  S.'s  work  on  the  study  of  the  chemical 
composition  of  different  petroleums.  It  was  really  in  this  way  that  the  first  • 
results  were  obtained  enabling  the  approximate  nature  of  the  hydrocarbons  of 
different  paraffins  and  ceresln  to  be  visualized.  The  method  of  determining 
the  chemical  composition  of  petroleum  products,  which  as  is  well  known  is  often 
very  inadequate,  of  course  attracted  the  attention  of  S.  S.  Nametkin  [76,  9G,  97, 
107,  108,  124,  l40,  183,  189,  191,  202,  203].  Much  work  was  devoted  to  working 
out  a  reliable  method  of  determining  the  unsaturated  and  aromatic  compounds  in 
benzenes  produced  by  cracking,  and  as  a  result  of  much  protracted  work  with 
E  A.  Robinson,  this  complicated  question  was  at  last  satisfactorily  settled. 

A  method  was  worked  out  for  the  volumetric  determination  of  unsaturated  and 
aromatic  hydrocarbons  in  one  experiment:  the  unsaturated  ones  were  determined 
and  separated  by  means  of  sulfur  monochloride,  and  the  aromatic  was  found  to  be 
completely  unaffected  in  the  cold:  the  aromatic  was  determined  in  the  residue 
after  separation  of  the  unsaturated  ones  in  the  usual  way,  i.  e.  by  excess  of 
strong  sulfuric  acid  or  by  Kattwinkel's  reagent.  For  ease  of  execution  and 
accuracy  of  results,  the  method  is  considered  quite  reliable  and  has  achieved  a 
wide  circulation. 
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The  method  of  **  group  analysis**  of  oils  was  also  closely  investigated  by 
■  S.  2.  Name tkin- And  E.'A.  Robinson.  However,  this  very  complicated  question 
cannot  yet-  be  considered  completely  solved.  Great  difficulties  were  encountered 
in  working  out  the  method  of  **  group  analysis**  for  sulfur  •compounds  of  petroleum. 
It  was  found  that  the  overwhelming  majority  of  the  stages  in  the  method  of  separa* 
ting  different' types  of  sulfur  compounds,  as  shown  by  careful  research  in  colla¬ 
boration  with  V.  G.  Puzillo  and  F.  P.  Shcheglova,  do  not  give  very  accurate  re¬ 
sults  and  require  very  substantial  corrections  [157^  256,  26k,  2J9,  280].  The 
qualitative  identification  of  petroleum  products  is  closely  connected  with  re¬ 
search  on  their  composition.  In  this  wide  fiel^  which  is  so  important  for  our 
petroleum  industry,  work  was  done  by  S.  S.  Nametkin  in  cooperation  with  G.  V. 
Andreev,  V.  T.  Archangelsky,  A.  S.  Velikovsky,  S.  S.  Nifontova  and  others,  on 
the  comparative  investigation  of  Soviet  and  foreign  petroleum  products;  benzenes, 
kerosenes,  oils  and  paraffins.  This  great  experimental  work,  separate  parts  of 
which  when  completed  were  printed  in  the  Journal  **  Petroleum  Economy^*  and  were 
also  published  in  the  foreign  technical  press,  came  out  in  1930  as  a  separate 
publication  in  the  form  of  a  monograph,  and  there  is  no  doubt  that  in  due  course 
it  exerted  a  beneficial  influence  on  the  rise  in  quality  of  the  production  of 
our  petroleum  refining  Industry  [85,  87,  103,  112,  118-123,  128]. 

In  the  refining  of  petroleum  and  its  products,  questions  of  cracking  drew 
the  closest  attention  of  Sergei  Semeonovich,  especially  oxidizing  cracking  by 
Dubrovai*s  method,  and  also  questions  of  aromatization  and  aromatic  cyclization 
of  petroleum  fractions.  S.  S,  together  with  engineer  S.  S.  Katszurov  and  others, 
took  part  in  the  utilization  of  our  first  experimental  apparatus  for  cracking 
petroleum  products.  In  the  field  of  oxidizing  cracking  he  studied,  in  collabora¬ 
tion  with  L.  M.  Rosenberg,  the  chemism  of  this  highly  promising  process  on  indi¬ 
vidual  hydrocarbons  of  different  series  [252,  257^  262].  On  the  subject  of  aro¬ 
matization  and  aromatic  cyclization,  also  with  L,  M.  Rosenberg,  a  method  for  ob¬ 
taining  a  very  active  catalyst  was  developed,  but  the  same  process  was  success¬ 
fully  studied  both  on  individual  hydrocarbons  of  different  series,  and  on  numerous 
petroleum  products  and  their  fractions  [277]* 

Among  various  questions  of  applying  experimental  research  to  the  purifica¬ 
tion  and  raising  the  quality  of  petroleum  products,  S.  S.  included  sulfuric' acid 
purification  of  different  petroleum  products,  their  desulfurization  and  improve¬ 
ment  of  their  quality  by  means  of  additives  [139^  ^kl,  l44,  I58-I60,  272].  Sul¬ 
fur!  acid  purification  interested  S.  S.  mainly  from  the  point  of  view  of  supply¬ 
ing  it  with  a  theoretical  basis  with  the  object  of  rationalizing  this  very  old 
method  of  purifying  petroleum  products.  When  he  had  satisfied  himself,  for  ex¬ 
ample,  that  ceresin  consists  principally  of  paraffin  hydrocarbons  of  isostruc¬ 
ture,  which  must  react  with  fuming  sulfuric  acid,  Sergei  Semeonovich  showed, 
with  R.  S.  Teneva,  that  the  purification  of  crude  ceresin  by  excess  of  this 
strong  reagent  must  lead  to  great  losses,  and  insisted  on  a  sharp  lowering  of  the 
quantity  of  acid  in  purifying  ceresin.  As  the  latest  observations  of  R.  S.  Ten¬ 
eva  and  S.  S.  Nifontova  showed,  in  purifying  ceresin  it  is  possible  to  dispense 
with  fuming  sulfuric  acid  entirely,  reducing  the  process  to  working  up  the  crude 
ceresin  with  clays,  when  the  yields  of  final  product  increase  considerably.  S. 

S.  studied  the  purification  of  cracking  benzene  by  sulfuric  acid,  and  came  to 
the  conclusion  that  for  the  proximate  analysis  of  the  chemical  reactions  which 
take  place  in  this  case  it  is  necessary  to  study  in  detail  the  action  of  strong 
sulfuric  acid,  not  on  complicated  mixtures,  but  on  individual  hydrocarbons.  Ex¬ 
periments  in  this  direction  together  with  L.  N.  Abakumovsky,  and  later  with  the 
cooperation  of  L.  I.  Strelchunas,  led  to  the  establishment  of  a  new  type  of  trans¬ 
formation  of  unsaturated  hydrocarbons,  which  was  called  hydro-  and  dehydropoly¬ 
merization.  The  nature  of  these  transformations  is  as  follows:  under  the  in- 
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fluence  of  strong  sulfuric  acid  the  unsaturated  hydrocarbons  undergo  two  main 
reactions;  polymerization  and  reduction-oxidation:  in  short,  the  products  of 
these  transformations  are  on  the  one  hand  hydrocarbons,  hydrotrimers  and  in 
general,  hydropolymers,  but  on  the  other  hand  highly  unsaturated  compounds  com¬ 
bined  with  sulfuric  acid,  which,  on  dilution  of  the  sulfuric  acid  solution  with 
water,  separate  out  in  the  free  state  and  quickly  polymerize,  being  converted 
into  resinous  and  asphalt-like  de hydropolymers  [133,  1^5,  l80,  19^,  195,  204, 

225,  226] .  As  further  investigations  (with  M.  G.  Rudenko)  showed,  similar 
transformations  are  also  observed  in  the  action  of  aluminum  chloride  on  unsatura¬ 
ted  hydrocarbons,  with  the  peculiarity  however  that  the  process  is  complicated 
in  this  case  by  partial  destruction  and  therefore  by  fairly  large  complexity  of 
the  mixture  of  the  final  reaction  products  [226]. 

The  discovery  of  the  ”  Second  Baku”,  the  petroleum  of  which  is  considerably 
rich  in  sulfur,  placed  before  our  petroleum  Industry  the  task  of  decreasing  the 
sulfur  content  in  the  products  of  these  petroleums,  in  other  words,  the  problem 
of  their  desulfurization.  S.  S.  took  an  active  part  in  the  settlement  of  this 
problem.  Experiments  were  conducted  with  outstanding  success  on  the  purifica¬ 
tion  of  certain  high-sulfur  products  from  the  petroleums  of  the  "  Second  Baku” 
by  aluminum  chloride  (together  with  M.  A.  Kazarnovskaya)  and  nitric  acid  (with 
A,  S.  Sosnlna).  These  methods,  it  is  true,  did  not  have  any  practical  applica¬ 
tion,  but  the  results  obtained  by  the  nitric  acid  method  enabled  the  important 
conclusion  to  be  drawn  that  according  to  their  chemical  nature  the  sulfur  com¬ 
pounds  of  the  kerosene  distillate  from  the  petroleum  of  the  Chusov  town  deposit 
are  mainly  thiophenes.  The  desulfurization  of  high-sulfur  shale  gasolines  by 
the  hydrogenation  method  was  studied  with  special  care  by  S.  S.  together  with 
P.  P.  Sanln,  S,  V.Makover  and  A.  N.  Tsyba. 

Experiments  were  carried  out  in  the  presence  of  a  julfur-stable  catalyst 
(molybdenum  disulfide j  in  rotating  autoclaves  or  with  a  stirrer  at  350"  and  an 
operating  pressure  of  about  100  atm.  On  the  whole,  gasoline  containing  sulfur 
compounds  up  to  10.6^  calculated  as  sulfur  were  desulfurized  completely.  At 
that  time  (193^)  these  were  the  first  successful  experiments  on  the  complete  de¬ 
sulfurization  of  fuel  oil  with  such  a  high  sulfur  content  in  the  Union  [139,  1^1- 

l44,  158-161]. 

The  method  of  additives  is  at  the  present  time  one  of  the  most  powerful 
for  improving  quality  and  is  widely  used  in  respect  of  both  motor  fuel  and  lubri¬ 
cating  oils.  Sergei  Semeonovlch  and  his  collaborators  had  worked  unremittingly 
on  this  extremely  important  subject.  In  connection  with  additives  for  lubrica¬ 
ting  oils  S.  S.  did  much  work  in  cooperation  with  P.  I.  Sanin,  S.  S,  Nifontova 
and  V.  G.  Puzlllo,  on  the  synthesjs  of  depressors,  1.  e.  additives  which  lower 
the  setting  point  of  the  oils . 

The  experimental  investigation  of  various  newly- synthesized  depressor 
additives  showed  that  their  activity  depended  little  on  the  structure  and  compo¬ 
sition  of  the  molecules  forming  them:  but  an  apparent  dependence  on  the  mole¬ 
cular  weight  of  the  depressors,  or  rather  on  the  weight  of  their  active  groups 
(radicals),  and  especially  on  the  nature  of  the  lubricating  oil,  was  detected) 
it  was  shown  on  a  diversity  of  material  that  the  activity  of  the  depressors  de¬ 
veloped  only  in  relation  to  the  distillate  oils,  and  was  not  detected  at  all  in 
relation  to  the  residual  oils,  which  was,  however,  observed  by  other  investiga¬ 
tors  . 

Applications  of  lubricating  oils  with  ”  additive  viscosity”,  which  raised 
the  index  of  viscosity  of  the  oil  with  rise  of  temperature,  acquired  great  sig¬ 
nificance  in  practice.  The  best  additive  of  this  kind  was  the  American  ”  Para- 
tone**  ,  the  study  of  which  was  begun  some  years  before  the  war  with  the  coopera - 
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tion  of  M.  G.  Rudenko.  Developing  this  work  further,  M.  G.  Rudenko,  with  the  help 
of  V.  N.  Gromova,  synthesized  the  additive  **  superol”  even  before  the  war,  and  as 
a  study  of  It  show,  this  not  only  equals  but  In  certain  conditions  even  surpasses 
the  American  additive.  Finally  In  most  recent  times,  during  the  Great  Patrio¬ 
tic  War,  S.  S.  Nametkln,  cooperating  with  P.  I.  Sanln  and  N.  S.  Nametkln,  did 
much  work  on  •detergent  additives**.  Moreover,  the  first  technical  scientific 
classification  and  systematic  survey  of  additives,  given  In  his  **  Petroleum  Chem¬ 
istry**,  belongs  on  the  whole  to  Sergei  Semeonovlrh. 

The  chief  products  of  the  present  day  petroleum  Industry,  as  Is  known,  are 
motor  fuel  and  lubricating  oils  of  different  kinds j  their  production  Is  at  pre¬ 
sent  gradually  acquiring  the  characteristic  features  of  the  chemical  treatment 
of  crude  petroleum.  Also  In  the  last  15-20  years  a  series  of  new  methods  of 
Intensive  chemical  treatment  of  petroleum  products  has  been  worked  out,  the  com¬ 
bination  of  which  formed  a  vigorous  new  branch  of  the  petroleum  Industry)  this 
bran'h  may  quite  accurately  be  called  the  petroleum  chemistry  Industry.  Its 
production  comprises  aromatic  hydrocarbons,  alcohols  and  phenols,  aldehydes  and 
ketones,  organic  acids,  their  derivatives,  and  many  other  products  which  find  a 
variety  of  practical  applications.  The  statement  that  petroleum  Is  not  a  fuel 
but  a  raw  material  for  chemical  treatment  receives  a  graphic  Illustration  In  the 
development  of  the  petroleum  chemistry  Industry. 

S.  S.  Nametkln  was  an  ardent  supporter  of  the  Intensive  development  of  the 
petroleum  chemical  Industry  In  the  Soviet  Union,  and  he  and  his  collaborators 
took  an  energetic,  active  part  In  working  out  separate  methods  for  the  Intensive 
chemical  treatment  of  petroleum  and  Its  products.  We  will  name  the  most  Impor¬ 
tant  of  these  methods. 

Sergei  Semeonovlch  and  D.  M.  Rosenberg  had  worked  long  and  unremittingly 
on  the  problem  of  obtaining  the  simplest  aromatic  compounds  (benzene,  toluene, 
xylenes)  as  raw  materials  for  the  chemical  Industry  by  the  method  of  catalytic 
aroma tlzat Ion  or  cycllzatlon  of  short  range  petroleum  fractions.  The  chemical- 
technological  basis  of  this  work  Is  the  same  as  In  the  above-mentioned  aromatl- 
zatlon  of  gasolines. 

Isobutylene  Is  at  present  one  of  the  most  difficultly  available  olefins 
treated  on  the  Industrial  scale.  It  Is  used  as  the  raw  material  for  the  pro¬ 
duction  of  100-octane  gasoline  (isooctane)  and  of  additives  of  the  isobutyl- 
benzene  type, -for  the  synthesis  of  very  valuable  additives  for  lubricating  oils, 
for  the  synthesis  of  isobutyl phenol,  etc.  S.  S.  spent  not  a  little  time  and  la¬ 
bor  in  working  out  a  method  for  increasing  the  resources  of  isobutylene  by  the 
catalytic  Isomerization  of  cracking  butylenes  to  Isobutylene  and  the  separation 
of  pure  isobutylene  from  the  mixture  of  gases  obtained  in  this  way.  These  prob¬ 
lems  were  completely  settled  with  the  cooperation  of  A.  S.  Nekrasov,  V.  G.  Pu- 
zillo,  M.  A.  Kazarnovskaya,  A.  S.  Sosnina,  and  P.  G.  Chernova  [17I]. 

The  production  of  amyl  alcohols  from  petroleum  pentene  is  one  of  the  most 
discussed  problems  of  the  petroleum  chemistry  industry  of  the  USA.  In  coopera¬ 
tion  with  A.  G.  Serebrennikova,  S.  S.  Nametkln  worked  through  both  basic  stages 
of  this  process  in  detail:  continuous  chlorination  of  the  petroleum  pentane  and 
subsequent  conversion  of  the  mixture  of  chloropentanes  to  amyl  alcohols  and  their 
acetates  [185,261]. 

In  cooperation  with  V.  K.  Zvorykina  and  R.  S.  Teneva  [I56,  25O],  it  was 
shown  that  in  the  oxidation  of  the  paraffin  and  gas  by  atmospheric  oxygen,  fatty 
alcohols  and  aldehydes  are  formed  in  considerable  quantities,  as  well  as  fatty 
acids,  which  are  the  objectives  of  this  process,  from  low  (liquid)  to  high 
(crystalline)  ones.  Some  of  these  alcohols  and  aldehydes  and  also  mixtures  of 
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them,  which  are  up  to  now  the  starting  point  of  the  production  of  fatty  acids  by 
the  given  method,  are  of  great  interest  and  value  for  different  aspects  of  the 
industry;  the  production  of  these  substances  may  thus  be  achieved  by  a  systematic 
use  of  the  starting  materials,  and  is  one  of  the  next  problems  to  interest  cer¬ 
tain  sectors  of  the  industry. 

At  the  suggestion  of  the  Chief  Perfumer  of  the  Ministry  of  the  Food  Indus¬ 
try,  Sergei  Semeonovich  did  research  on  a  fatty  soap  substitute.  In  cooperation 
with  A.  S.  Zabrodina,  A.  S.  Kursanova,  V.  A.  Khokhryakova  and  others  he  showed 
that  starting  from  petroleum  kerosene,  cleansing  substances  (detergents)  may  be 
obtained,  the  addition  of  which  to  the  extent  of  ^4-0-50*3^  not  only  does  not  lower 
but  in  some  conditions  even  increases  the  quality  of  a  fatty  soap. 

Organometalllc  Compounds 

Without  dwelling  on  S.  S,  Nametkin's  extensive  work  on  the  application  of 
organomagnesium  compounds  for  the  synthesis  of  the  most  diverse  substances,  we 
will  indicate  only  the  work  on  the  study  of  the  properties  and  methods  of  obtain¬ 
ing  organometallic  compounds  proper. 

First  of  all  it  must  be  noted  that  in  due  course  there  fell  to  S.  S.  the 
task  of  the  laboratory  preparation  of  tetra  ethyl  lead  in  such  quantities  as 
would  guarantee  for  us  motor  tests  of  this  very  important  anti-knock  agent .  In 
collaboration  with  D.  N.  Abakumovskaya  and  N.  Kursanov  this  responsible  and 
dangerous  task  was  successfully  completed  so  that  the  first  tests  could  be 
carried  out  on  our  gasolines  with  the  addition  of  tetra  ethyl  tad.  Further, 

(with  K.  P.  Lavrovsky),  Sergei  Semeonovich  took  part  in  the  development  of  a 
technical  method  for  the  production  of  tetra  ethyl  lead,  and  also  in  a  number  of 
other  investigations  on  anti-knock  agents  for  motor  fuel. 

In  studying  the  reaction  between  hydrogen  sulfide  and  certain  alkyl  and 
aryl  dichlor oar sines  with  V.  V.  Nekrasov  [105,  113 ]>  S.  S.  showed  that  it 
proceeded  fairly  quickly  according  to  the  equation:  RAsClg  HgS  — RAsS 
2HC1.  S.  S.  Nametkln  and  V.  V.  Nekrasov  showed  that  on  conducting  this  reaction 
in  aqueous  solution  at  room  temperature,  the  separation  of  a  sulfide  soluble  in 
water  occurs.  This  suggested  that  hydrogen  sulfide  could  be  used  as  a  group 
reagent  for  organic  compounds  of  arsenic  of  general  formula  RASCI2. 

In  this  work,  however,  S.  S.  succeeded  in  showing  that  alkyl  dlchloroar- 
sines  displace  mercury  from  mercurous  nitrate  at  differing  rates  depending  on 
the  character  and  molecular  weight  of  the  hydrocarbon  radical  connected  to  the 
arsenic.  This  observation  suggested  that  the  reaction  described  could  be  em¬ 
ployed  for  the  qualitative  separation  of  methyl,  ethyl,  and  3-chlorovinyl  di¬ 
chlor  oar  sines  [105,  115]. 

With  the  objective  of  studying  and  applying  A.  N.  Nesmeyanov*s  reaction 
to  the  synthesis  of  organothalllum  compounds,  Sergei  Semeonovich  and  N.  N. 
Melnikov  [l64,  I65,  168]  synthesized  a  series  of  complex  compounds,  not  des¬ 
cribed  in  the  literature,  of  thallous  chloride  with  diazonium  salts.  In  the 
course  of  the  work  it  was  found  that  diazonium  salts  form  two  kinds  of  salts 
with  thallous  chloride;  (ArN2)2TlCl5  and  ArN2TlCl4.  By  special  experiments 
it  was  successfully  shown  that  a  complex  cation,  containing  a  thallium  and  a 
hydrocarbon  radical,  enters  into  the  composition  of  these  complexes.  These 
complex  compounds  are  comparatively  unstable,  and  on  heating  easily  decompose 
according  to  the  equation:  ArN2TlCl4 — ►  ArCl  +  TICI3  +  N2.  S.  S.,  N.  N. 
Melnikov  and  G.  P.  Gracheva  synthesized  and  described  a  series  of  miscellaneous 
organometallic  compounds  of  thallium  of  general  formula  ArTlXa  and  Ar2TlX  [169]. 
S.  S.  did  not  confine  himself  purely  to  work  on  synthesis  of  organometallic  com¬ 
pounds,  but  he  (and  N.  N.  Melnikov)  developed  a  comparatively  simple  method  for 
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the  estimation  of  thallium  in  organic  compounds  [l62,  I67]. 


Perfumes 


The  work  of  S.  S.  Nametkin  in  the  field  of  perfume  synthesis  is  of  great 
interest.  It  must  be  noted  here  that  the  perfumery  industry  occupies  a  rather 
special  position  in  our  country.  Before  the  Great  October  Socialist  Revolution 
this  branch  of  industry  did  not  exist. 


The  credit  for  founding  this  theoretically  and  practically  important  branch  of 
the  industry  belongs  to  Soviet; scientists,  chemists  and  engineers.  Work  in  this 
field  began  fairly  recently,  in  the  second  half  of  the  20 *s  of  our  century:  it  has 
now  attained  very  important  scientific  and  theoretical  achievements.  Great  credit 
is  due  to  Sergei  Semeonovich  for  the  founding  of  this  industry.  From  the  very 
beginning  he  took  a  most  active  part  in  it  and  gave  our  industry  very  much  which 
was  valuable  in  settling  technically  important  questions.  Much  work  was  required 
in  Interpreting  unknown  perfumes,  on  the  examination  and  development  of  patent  data 
and  on  seeking  new  original  methods  in  this  difficult  new  subject  [170,205-218]. 
S.S.*s  work  on  this  may  be  divided  into  two  parts;  1)  the  synthesis  of  perfumes 
and  2)  their  preparation  from  natural  sources.  In  this  subject  he  carried  out  a 
great  deal  of  research  which  found  technical  application.  The  perfumery  industry 
was  greatly  in  need  of  many  fairly  complicated  aldehydes.  In  settling  one  of  these 
questions  S.S.  made  an  interesting  attempt  to  prepare  vanlllal  from  safrole  in  the 
following  way  [205]; 
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The  possibility  of  rupturing  the  methyleie  bridge  of  safrole  in  this  process  by 
the  action  of  alkali  was  demonstrated  and  the  optimum  conditions  for  this  cleavage 
were  worked  out.  Moreover  the  very  interesting  selective  oxidizing  capacity  of 
nitrobenzene  was  confirmed.  The  propenyl  group  is  oxidized  by  nitrobenzene  to  an 
aldehydic  one  only  if  a  hydroxyl  group  is  present  in  the  para  position.  The  work 
could  not  be  applied  in  practice  because  safrole  is  an  imported  compound,  and  also 
because  the  rupture  of  the  methylene  bridge  takes  place,  as  shown,  to  equal  extents 
in  two  ways,  and  therefore  the  yield  of  the  necessary  product  is  decreased  by  half. 
Morever  P.P.Shorygin  found  a  more  practical  method  of  preparing  vanillal  from 
guaethol  (the  monoethyl  ether  of  pyrocatechol) . 


The  multi-stage  synthesis  of  p-lsopropyl-a-methyl  hydrocinnamic  aldehyde  (cyc¬ 
lamen)  [206]  belongs  to  the  series  of  considerably  more  complicated  aldehydes  pre¬ 
pared  by  S.S.  in  collaboration  with  V.N. Eliseeva.  The  synthesis  is  carried  out  in 
the  following  way: 


2378 


CH.':iCH=CH; 

'•  V\ 

4. 

j  AICI3 

Y 

CH 

CH3"^i 

CH=i 

,  Y 

CHpO+HCI 

ZnCl2 


CH2CI 


CH 

CH3^^^H3 


CH 

CH3'"^CH4 


CH3/^CH; 


CH 

CH3/^'CH3 


In  this  interesting  investigation  a  method  for  obtaining  cumene  from  benzene 
and  a  reaction  for  introducing  a  CH2CI  group  into  aromatic  compounds,  which  was  sub¬ 
sequently  used  for  a  while  for  the  synthesis  of  many  similar  compounds,  were  care¬ 
fully  developed!  conditions  were  specified  for  converting  the  chloromethyl  group 
into  an  aldehydlc  one  and  the  best  industrial  conditions  for  the  condensation  of 
cumal  with  propionaldehyde  were  found  (yield  about  65^).  The  final  stage  of  con¬ 
verting  isopropylmethylclnnamic  aldehyde  into  the  dlhydro- derivative  presented  very 
great  difficulties,  because  in  the  catalytic  hydrogenation  with  hydrogen  taken  in  a 
quantity  for  one  double  bond,  mixtures  were  usually  obtained  of  approximately  equal 
amounts  of  the  saturated  aldehyde,  alcohol  and  the  original  substances.  It  was, 
however,  possible  without  any  special  trouble  to  separate  the  desired  isopropyl- 
methylhydrocinnamlc  aldehyde  from  this  mixture,  and  up  to  the  present  cyclamen  has 
been  prepared  in  practice  by  S.S.Nametkln*s  method.  It  must  be  noted  that  for  the 
synthesis  of  cyclamen  it  was  necessary  to  find  the  technical  conditions  for  the 
preparation  of  propionaldehyde,  which  was  successfully  carried  out  by  the  catalytic 
dehydrogenation  of  propyl  alcohol. 

The  synthesis  of  lauraldehyde  was  much  simpler,  being  successfully  accomplished 
by  heating  lauric  acid  and  formic  acid  in  the  presence  of  manganic  oxide  at  320- 

350“  [207]. 

Sergei  Semeonovlch  and  his  coworkers  carried  out  a  great  deal  of  work  on  the 
pyrolysis  of  castor  oil,  in  order  to  prepare  from  it  the  oenanthol  and  undecylic 
acid  [170,  212]  required  in  the  perfume  industry.  As  is  known,  these  compounds  are 
obtained  by  the  pyrolysis  of  castor  oil.  The  cleavage  reactions  were  carefully 
studied  and  it  was  found  that  the  best  results  were  obtained  by  pyrolysis  not  of  the 
glyceride  but  of  the  product  of  its  esterification  with  methyl  alcohol. 


C  H3  ( CH2 )  5CH  ( OH )  CH2CH=CH  ( CH2 )  7COOCH3- 


CH3(CH2)5CH0 

Oenanthol 

CH2=CH(CH2)8C00CH3 

Methyl  ester  of  undecylic  acid 


S.S.  greatly  simplified  the  earlier  method  of  preparing  methyl  ricinoleate 
by  replacing  dry  hydrogen  chloride  by  a  small  quantity  of  strong  sulfuric  acid  (5^ 
by  weight  of  castor  oil)  and  developed  a  technically  convenient  method  for  its 
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pyrogenic  decomposition.  This  method  has  up  to  now  preserved  its  significance  in 
industry . 

The  easy  availability  of  oenanthol  made  it  possible  to  develop  syntheses  of 
some  very  important  synthetic  perfumes.  In  cooperation  with  R.  Yu.  Shagelova  a 
technically  practicable  mebhod  was  also  found  for  preparing  l-phenyl-2-formyl- 
octylene,  the  so-called  jasmlnlc  aldehyde,  by  condensing  oenanthol  with  benz- 
aldehyde  {213].-  As  a  starting  point  the  method  of  Rutovsky  and  Korolev,  improved 
by  the  use  of  a  large  excesK' of 'benzaldehyde,  was  suggested.  The  yield  of 
Jasminic  aldehyde  was  thus  considerably  increased,  and  the  autocondensation  of 
oenanthaldehyde,  which  gave  a  product  the  presence  of  which  greatly  impaired  the 
fragrant  qualities  of  Jasminic  aldehyde,  was  almost  completely  absent. 

Oenanthol  made  it  possible  for  S.  S.  and  his  coworkers  to  develop  a 
synthesis  of  heptyne  and  heptyne  carboxylic  ester.  The  latter  compound  is 
used  for  creating  fine  flower  bouquets  in  many  compositions  which  are  on  the 
market  [215].  For  this" purpose  oenanthol  was  converted  into  oenanthylidene 
chloride,  which  by  treatment  with  sodamide  or  caustic  potash  gave  heptyne,.. which 
was  converted  through  its  sodi’um  compound  to  heptyne ' carboxylic  acid  and  then  to 
the  technically  important  methyl  ester  of  heptyne  carboxylic  acid. 

It  has  already  been  shown  that  if  castor  oil  is  decomposed  pyrogenetically 
with  the  object  of  obtaining  oenanthol  as  a  by-product,  undecylenic  acid  is 
obtained.  Sergei  Semeonovich  also  directed  his  attention  to  this  compound  and 
developed  a  method  in  the  laboratory  and  then  under  production  conditions  for 
the  preparation  of  nonylic  acid  by  fusing  undecylenic  acid  with  caustic  alkali. 

The  method  given  in  the  literature  gives  a  yield  of  nonylic  acid  not  greater 
than  25-28^5  by  careful  work  this  yield  was  successfully  Increased  to  70^  and 
the  method  was  made  technically  practicable.  The  nonylic  acid  obtained  was  used 
for  the  preparation  of  nonyl  aldehyde^  the  method,  which  gives  good  results  in  the 
synthesis  of  lauric  aldehyde,  was  successfully  used  for  this  purpose.  Manganic 
oxide  was  a  very  good  catalyst  also  in  this  case.  The  preparation  of  nonyl 
alcohol,  which  was  more  Interesting  from  the  perfumery  point  of  view,  was  suc¬ 
cessfully  carried  out  by  both  methods.  The  first  was  more  expensive,  being  based 
on  the  reduction  of  the  ethyl  ester  of  nonylic  acid  by  Bouveault’s  reaction,  when 
the  yield  given  in  the  literature  was  successfully  raised  from  ^3  to  8o^  [214]. 

The  second,  technically  more  expedient,  method  of  reducing  nonylaldehyde  to  the 
corresponding  alcohol  was  based  on  the  catalytic  hydrogenation  of  the  aldehyde 
with  pyrophoric  nickel  in  an  alcoholic  medium  at  atmospheric  pressure  and  at 
about  40* . 

A 

Undecylenic  acid  is  used  to  a  small  extent  in  the  perfumery  industry  for 
the  synthesis  of  undecalactone  [2l6]. 

CH2=CH(CH2 )  eCOOH  - CH3  ( CH2) 6CHCH2CH2CO 

I—  Q - 1 

As  seen  from  the  above  equation,  lactone  formation  is  accompanied  by  a 
migration  of  the  double  bond  from  the  10-11  position  to  the  3-4  position.  In 
the  work  it  was  necessary  to  find  the  best  conditions  for  the  preparation  of  a 
lactone  for  use  in  perfumery.  The  investigation  was  successfully  carried  out 
and  this  premration  was  obtained  in  good  yield  and  the  method  was  put  into 
production. 

It  must  be  noted  that  in  carrying  out  the  above  syntheses  Sergei  Semeonovich 
introduced  strictly  scientific  procedure  into  all  his  work,  although  in  bygone 
times  this  did  not  seem  very  suitable  in  practice,  and  showed  that  only  by 
remaining  on  a  strictly  scientific  basis  can  such  a  fine  branch  of  the  chemical 
industry  as  the  synthesis  of  perfumes  attain  real  success.  Thanks  to  such 

An  outline  of  the  products  of  the  treatment  of  castor  oil  is  given  by  S.S. 
Nametkin  (with  B,  N.  Eliseeva  and  V.  I.  Isagulyanets)  in  "  Transactions  of  Oils 
and  Fats"  (No.  1,  31;  No,  2-3,  87;  No. 4,  l64,  1955)-  The  other  syntheses 

2380 


eminent  organic  chemists  as  S.  S.  Nametkin  and  P.  P.  Shorygin,  the  perfumery 
industry  even  at  the -very  beginning  not  only  used  known  methods  but  also  in 
many  cases  found  original  methods  for  solving  the  problems  set.  To  these 
original  methods  may  be  added  S.  S.^s  fine  synthesis  of  acetyl  chloride  by 
the  interaction  of  acetic  anhydride  and  hydrogen  chloride  [208],  with  a  yield 
of  up  to  95^! 

(CH3C0)20  +  HCl  - ►  CHaCOCl  +  CH3COOH  . 

Acetylation  by  means  of  ketene  may  be  included  in  this  sort  of  work.  This 
method  is  of  advantage  in  the  acetylation  of  certain  alcohols,  e.g.  linalool, 
because  the  use  of  ketene  excludes  the  possibility  of  isomerization  of  linalool 
to  geraniol.  S.  S.  tested  a  method  of  preparing  ketene  from  acetone  (with  a 
yield  of  up  to  85'5t  of  the  acetone,  by  heating  the  latter  with  cerium  dioxide); 
primary,  secondary  and  tertiary  alcohols  were  subjected  to  acetylation  and  it 
was  found  that  the  capacity  of  the  alcohols  for  reacting  with  ketene  Increased 
from  tertiary  to  secondary  and  then  to  primary  alcohols  [209]. 

A  great  deal  of  original  research  was  carried  out  by  Sergei  Semeonovich 
together  with  V.  K.  Zvorykina  and  R.  S.  Teneva  on  the  preparation  of  alcohols 
and  aldehydes  from  the  oxidation  products  of  paraffins.  This  work  is  no  doubt 
of  great  significance,  because  the  conditions  were  established  for  the  formation 
of  aldehydes  from  butyraldehyde,  C3H7CHO  to  stearaldehyde,  C17H35CHO;  here  it 
must  be  emphasized  that  starting  from  oenanthol,  the  aldehydes  are  formed  in  very 
pure  condition.  Methods  were  also  found  for  obtaining  the  corresponding  alcohols 
(up  to  octadecyl)  [156,250]  from  paraffins.  The  method  of  separating  aldehydes 
from  alcohols  consisted  in  treating  the  resulting  products  with  bisulfite.  The 
bisulfite  compounds  were  decomposed  by  the  usual  method,  and  the  resulting 
mixture  of  aldehydes  was  separated  by  fractional  distillation.  To  obtain  the 
alcohols,  the  residue  after  bisulfite  treatment  was  also  subjected  to  fractiona¬ 
tion  and  subsequent  purification  by  the  borate  method. 

S.  S.  also  did  some  work  on  the  extraction  of  perfumes  from  vegetable  oils. 
Thus,  he  developed  methods  for  obtaining  lonone  and  methyl  lonone  from  oxidized 
coriander  oil  without  separating  cltral  from  it,  which  very  much  simplified  the 
method  of  obtaining  these  valuable  preparations  [210].  To  this  work  must  be 
added  the  isomerization  of  linalool  to  geraniol,  a  valuable  product  with  a  smell 
of  roses.  In  this  research  the  best  conditions  were  found  for  the  isomerization 
of  linalool  to  geraniol  on  treating  linalool  with  acetic  anhydride  in  the 
presence  of  phosphoric  acid,  and  a  method  for  separating  the  geraniol  was  given 
[211]. 

The  work  of  Sergei  Semeonovich  contributed  in  no  small  measure  to  the  forma¬ 
tion  of  our  synthetic  perfume  Industry.  At  the  present  time  in  many  respects  the 
synthetic  perfume  Industry  is  at  a  very  high  level  of  development,  thanks  to  his 
labors  and  also  to  the  labors  of  his  students  and  coworkers. 

Plant  Growth  Stimulants  and  Herbicides 

Among  the  many  fields  of  S.  S.  Nametkin *s  research,  the  work  on  plant  growth 
stimulants  occupies  a  prominent  place.  Immediately  after  the  discovery  of  plant 
growth  stimulants  and  the  establishment  of  the  structure  of  the  auxins  S.  S. 
appreciated  the  importance  of  these  substances  in  the  national  economy,  and  not 
only  organized  a  synthesis  of  already  known  compounds,  but  also  the  Investigation 
of  new  active  substances.  The  subject  of  plant  growth  stimulants  attracted  the 
attention  of  Sergei  Semeonovich  all  the  last  years  of  his  life.  Work  on  this 
interesting  subject  of  Importance  for  the  national  economy  was  carried  out  by  him 
in  the  Moscow  State  University  laboratory,  and  in  the  chemistry  laboratory  which 
he  recently  organized  In  the  K.  A.  Tlmiryazev  Institute  of  Plant  Physiology  of  the 
Academy  of  Sciences  of  the  USSR.  His  organization  of  the  work  for  preparing  and 


described  above  are  discussed  in  detail  *  Syntheses  of  Perfumes"  (Food  Industry 
Press,  1939)* 


studying  plant  growth  stimulants  enabled  extensive  experiments  to  be  made  on  the 
study  of  the  action  of  these  substances  on  plants,  and  prepared  the  way  for  their 
practical  application  in  horticulture. 

The  main  directions  of  S.  S*s  work  on  the  subject  of  plant  growth  stimulants 
were  research  on  methods  for  preparing  heteroauxin,  3-indolyl-'JJ -butyric  acid, 
a-naphthylacetic  acid  and  some- of 'the  most  important  phenoxyacetic  acids  and  their 
derivatives.  S.  S.,  with  N.  A.  Dzbanovsky  and  N.  A.  Favorskaya  systematically 
studied  the  methods  for  preparing' such  an  important  root  stimulant  as  hetero¬ 
auxin.  As  a  result  of  this  work,  the  method  for  obtaining  heteroauxin  starting 
from  itaconic  acid  [23^,  235]  considerably  improved.  The  first  combined 
lots  of  the  preparation  were  obtained  by  this  method  in  laboratory  conditions. 
Experiments  on  the  preparation  of  heteroauxin  from  indole  magnesium  iodide  and 
chloroacetonitrile  [234,235]  gave  good  results.  Still  better  results  were  given 
by  using  the  reaction  of  indole  with  diazoacetic  ester  [299]  for  the  synthesis 
of  heteroauxin. 


+  NsCHCOQPgHs 


iCHgCOOCaHs 


Although  this  reaction  was  discovered  a  long  time  ago,  its  practical 
application  was  hindered  by  the  impossibility  of  regulating  the  decomposition  of 
diazoacetic  ester,  which  sometimes  occurred  very  violently,  with  an  explosion. 

S.  S.,  in  collaboration  with  N.  N.  Melnikov  and  K.  S.  Bokarev  [299]^  succeeded 
in  finding  the  conditions  which  enabled  the  velocity  of  this  reaction  to  be 
regulated  and  allowed  it  to  be  used  for  obtaining  large  quantities  of  heteroauxin. 

S.  S.,  in  collaboration  with  N.  A.  Dzbanovsky  and  A.  G.  Rudnev  [236,237].> 
developed  a  new  method  for  preparing  P-indolyl-TJ-butyric  acid,  which  was  a  still 
more  active  stimulant  for  root  formation  than  heteroauxin.  This  method  is 
based  on  the  reaction  of  5-chlorobutyronitrlle  with  indole  magnesium  iodide.  .It 
may  be  represented  by  the  following  equations; 


I  +  ClCHsCHsCHeCN 


ijCH^CHsCH^CN  ^  2H20 


ICHgCHsCHgCN 


+  MgICl 


'CHaCHsCHaCOOH 


+  NH3 


Phenoxyalkylcarboxylic  acids  occupy  an  important  place  in  S.  S.’s  work  on 
plant  growth  stimulants.  S.  S.  Nametkin,  N.  N.  ffelnikov  and  K.  S.  Bokarev  [297] 
suggested  a  large  group  of  substances  of  general  formula; 


aQj, 

as  plant  g^rowth  stimulants,  where  A- is  an  alkoxy  radical  or  hydrogen,  R-ls 
an  aliphatic  hydrocarbon  radical  or  hydrogen,  and  B-is  a  hydroxyl,  amino  group 
or  arylamlno  group. 

S.  S.  Nametkin,  N.  N.  Melnikov  and  Yu.  A.  Baskakov  [297]  also  suggested 
compounds  of  the  general  formula; 


as  plant  growth  stimulants,  where  X-is  a  halogen,  R-ls  an  aliphatic  hydrocarbon 
radical  or  hydrogen,  Ar-is  an  aromatic  hydrocarbon  radical  or  CH3,  C2H5  and  C4H9, 
and  A-is  a  hydroxyl,  amino  or  arylamino  group. 


S.  S.  with  N.  N.  Melnikov  and  Yu.  A.  Baskakov  [28l],  also  described  a  number 
of  halogenonaphthoxyacetlc  and  halogenonaphthoxybutyrlc  acids.  From  this  group 
of  substances,  S.  S.  and  his  coworkers  synthesized  more  than  200  compounds  not 
described  in  the  literature.  Work  on  this  subject  enabled  a  number  of  substances 
to  be  recommended  for  practical  application  both  for  use  as  plant  growth 
stimulants  and  as  herbicides. 

That,  in  the  most  general  outline,  gives  the  creative  career  of  one  of  the 
greatest  of  Soviet  organic  chemists,  patriot  of  our  country,  Sergei  Semeonovich 
Nametkln. 
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SYNTHESIS  OF  SOME  ALKYL-  AND  ARALKYLPHENOXYACETIC  ACIDS  AND  THEIR  DERIVATIVES 


S.  S.  Nametkin}^ Yu.  A.  Baskakov  and  N.  N.  Melnikov 

Recent  years  have  been  marked  by  considerable  successes  in  the  study  and 
application  of  synthetic  plant  growth  stimulants  and  herbicides.  Various 
compounds  have  received  fairly  wide  application  in  many  branches  of  horticulture. 
The  use  of  herbicides  is  of  special  interest  in  this  direction.  Of  this  type  of 
compound,  different  substituted  phenoxyacetic  acids  are  used  on  a  very  large 
scale,  in  particular,  2,4-dichlorophenoxyacetic  acid  and  2-methyl -4-chlorophen- 
oxyacetlc  acid  and  their  salts  [1].  In  spite  of  the  fairly  wide  application  of 
the  above  compounds  in  agriculture,  the  systematic  study  of  this  type  of 
substance  has  not  yet  been  carried  out.  In  particular,  there  are  no  indications 
in  the  literature  of  the  preparation  and  properties  of  any  alkyl-  and  aralkyl- 
phenoxyacetic  acids  and  their  derivatives.  Work  was  therefore  begun  on  the 
preparation  of  this  type  of  compound. 

We  synthesized  these  compounds  in  the  usual  way;  by  the  action  of  a 
monochloroacetate  on  the  phenate  of  the  corresponding  phenol.  This  reaction, 
as  is  known,  proceeds  according  to  the  equations 

RC6H40Na  +  ClCHsCOONa  - RC6H40CH2CCX)Na  +  NaCl , 

and  the  phenoxyacetic  acid  is  formed  in  good  yield.  In  a  similar  way,  via  the 
esters  of  a-bromobutyric  acid,  we  synthesized  phenoxy-a-butyric  acids  not 
described  in  the  literature.  Some  benzylphenoxyacetic  acids  were  synthesized 
by  hydrolysis  of  the  amides. 

EXPERIMENTAL 

1.  2-Chloro-4-ethylphenoxyacetic  acid.  3*13  g  of  2-chloro-4-ethylphenol, 

2  g  of  monochloroacetic  acid,  2  g  of  sodium  hydroxide,  and  25  ml  of  water  were 
put  into  a  flask  with  a  reflux  condenser.  After  boiling  for  two  hours  the 
reaction  mixture  was  acidified  and  the  2-chloro->4-ethylphenoxyacetic  acid 
which  separated  was  extracted  with  benzene.  The  acid  was  extracted  from  the 
benzene  solution  by  shaking  with  a  solution  of  soda.  After  acidification  of 

the  soda  solution  the  precipitate  which  formed  was  filtered  off  and  recrystallized 
from  a  mixture  of  benzene  and  petroleum  ether. 

Yield  3.2  g  (7^^).  M.p.  91“ • 

0.1929  and  0.1858  g  substance  required  on  titration  17.84  and  17.25  ml 
0,05  N  NaOH.  Found;  M  2l6.2  and  215.4.  C10H11O3CI.  Calculated;  M  2l4.5. 

The  amide  of  the  acid  was  synthesized  with  a  yield  of  83^.  M.p,  139.5“ > 
m.p.  of  the  anilide  89*. 

2.  2-Bromo-4-ethylphenoxyacetic  acid.  From  4  g  of  2-bromo-4-ethylphenol, 

2  g  of  monochloroacetic  acid,  and  2  g  of  NaOH  In  26  ml  water,  under  the 
conditions  of  Experiment  1,  4  g  (77^)  of  "the  acid  with  m.p.  88.5“  (from 
petroleum  ether)  was  obtained. 

0.1711  and  0,2008  g  substance  required  on  titration  13.22  and  15.57  ml 
0.05  N  NaOH.  Found;  M  258.8,  257.8.  CioHnOaBr.  Calculated:  M  259, 

^  ^  Deceased 
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The  amide  of  the  acid  was  obtained  with  a  yield  of  80^.  M.p.  l48® 

(from  a  mixture  of  benzene  and  petroleum  ether).  Anilide  -  m.p.  88®  (from 
petroleum  ether) . 

5.  2-Bromo-4-ethylphenoxy-a-butyric  acid.  To  sodium  ethoxide  obtained 
by  dissolving  0.5  g  of  sodium  in  20  ml  of  ethyl  alcohol,  4  g  of  2-bromo-4- 
ethylphenol  and  4  g  of  ethylbromobutyrate  were  added,  and  the  solution  obtained 
was  heated  for  2  hours  in  a  flask  with  an  upright  condenser.  Then  l6  ml  of 
10^  sodium  hydroxide  solution  was  added  to  the  reaction  mixture  and  the  heating 
continued.  After  boiling  for  an  hour  the  mixture  was  diluted  with  water  and 
filtered.  The  filtrate  was  acidified  with  hydrochloric  acid  and  the  oil  which 
separated  was  extracted  with  benzene.  The  acid  was  purified  by  recrystallization 
from  petroleum  ether.  M.p.  53.5**  Yield  5  g  (88^). 

0.2^95  and  0.25^2  g  substance  required  on  titration  1T«3^  and  l6.26  ml 
0.05  N  NaOH.  Found;  M  287.8,  288.1  CigHisOaBr.  Calculated:  M  28?. 

4.  4-Butylphenoxyacetic  acid.  We  synthesized  this  by  the  method  described 
above  with  a  b51f>  yield.  M.  P.  85*  (from  petroleum  ether). 

0.1674  and  0.1789  g  substance  required  on  titration  16.OI  and  17.I6  ml  0.05 
N  NaOH.  Found;  M  209.I,  208.6.  C12H13O3.  Calculated;  M  208,0. 

According  to  the  literature  [2]  4-butylphenoxyacetic  acid  has  m.  p.  8I*. 

We  obtained  4-butylphenoxyacetamide,  not  described  in  the  literature,  in 
70^  yield,  m.  p.  119*.  4-Butylphenoxyacetanilide  was  obtained  in  79^  yield. 

M.p.  97-98*. 

5.  2-Chloro-4-butylphenoxyacetic  acid.  Under  the  conditions  of  Experiment 
1,  from  5.7  g  of  2-chlcio-  -butylphenol,  2g  of  NaOH,  and  2  g  of  monochloroacetlc 
acid,  5.2  g  (67'3{i)  of  the  acid  was  obtained.  M.p,  90*5*  (from  petroleum  ether). 

0.1671  and  0.1771  g  substance  required  on  titration  13.82  and  l4.68  ml  O.O5 
N  NaOH.  Found;  M  24l.9  and  24l,4.  C12H15O3CI.  Calculated;  M  242.5. 

The  amide  of  the  acid  was  obtained  in  75^  yield.  M.p.  131*  (from  a  mix¬ 
ture  of  benzene  and  petroleum  ether) .  2-Chloro-4-butylphenoxyacetanilide  was 
synthesized  in  80^  yield.  M.p,  8O-8I*  (from  petroleum  ether) , 

6.  2-Bromo-4-but.Ylphenox.yacetic  acid.  Under  the  conditions  described  above 
from  4.6  g  of  2-bromo-4-butylphenol,  2  g  of  monochloracetic  acid,  and  2  g  of 
sodium  hydroxide  in  25  ml  water,  4  g  of  the  acid  (70^)  was  obtained,  m.p.  90* 
(from  petroleum  ether) , 

0.1638  and  0.1600  g  substance  required  on  titration  11,44  and  11.28  ml 
0.05  N  NaOH.  Found;  M  286,5  and  286.0.  Ci2Hi503Br.  Calculated  M  287. 

2-Bromo-4-butylphenoxyacetamlde  was  synthesized  in  75^  yield,  M.p.  139* 
(from  petroleum  ether).  The  anilide  was  obtained  in  80^  yield,  M.p,  102* 

(from  petroleum  ether). 

7.  2-Bromo-  4-butylphenoxy-a-but.yric  acid  was  obtained  under  the  conditions 
described  in  Experiment  3,  from  4.6  g  of  2 -bromo-4 -butylphenol  and  4  g  of  ethyl 
bromobutyrate .  Yield  5-6  g  (89*)f>) .  M.p,  55*  (from  petroleum  ether). 

0.1706  and  0.2216  g  substance  required  on  titration  10, 80  and  l4,05  ml 
0.05  N  NaOH.  Found;  M  316.O  and  315.4,  Ci4Hi903Br.  Calculated  M  315* 


8.  4-Benzylphenoxyacetic  acid  was  synthesized  in  66^  yield  from  3.4  g 
of  4_hydroxydiphenylmethanane,2.8  g  of  monochloracetic  acid,  and  7-2  g  of  40^ 

KOH.  After  corresponding  treatment  4,5  g  of  the  acid  was  obtained.  After  two 
crystallizations  from  a  mixture  of  petroleum  ether  and  benzene  the  m.p.  was  120.5 


According  to  the  literature  this  acid  melts  at  100*. 

0  1031  and  0.0760  g  substance  required  on  titration  9*25  and  6.82  ml  0,05 
N  NaOh.  Found:  M  21^3.6  and  243.9  C15H14O3.  Calculated;  M  242.3. 

4-Benzylphenoxyacetamlde  was  synthesized  fifom  chloracetamide  and  sodium 
4-benzylphenate  in  alcohol  with  a  yield  of  79^*  M.p.  l44*.  The  anilide  of  the 
acid  was  obtained  in  a  similar  way.  Yield  47^, -m.p.  115-118*. 

9.  4-Benzyl-2-chloronhenoxyacetic  acid.  I.5  g  of  4-benzyl-2-chlorophenoxy- 
acetamide  was  heated  for  2  hours  with  10  ml  of  10^  sodium  hydroxide.  The  amide 
dissolved  completely  during  the  reaction  and  the  acid  separated  as  a  flocculent 
precipitate  upon  acidification  of  the  solution.  To  purify  the  acid  it  was  re¬ 
crystallized  from  a  mixture  of  benzene  and  petroleum  ether.  Yield  1.4  g  ( 93*30) . 
White  crystals,  m.p.  113.5  -  ll4*. 

0.1048  and  0.0774  g  substance  required  on  titration  8.23  and  6.16  ml  0,05 
N  NaOH.  Found;  M  278.3  and  274.7.  C15H13O3CI.  Calculated;  M  276,5, 

4-Benzyl-2-chlorophenoxyacetamide  was  synthesized  in  the  following  way; 

3.3  g  of  4-benzyl-2-chlorophenol,  and  1.4  g  of  chloracetamide  were  added  to 
sodium  ethylate  obtained  by  dissolving  0.35  g  sodium  in  alcohol,  and  the  result¬ 
ing  mixture  was  heated  for  2  hours  in  a  flask  with  a  reflux  condenser.  Then  50 
ml  water  was  added  to  the  reaction  mixture  and  the  precipitated  amide  was  filtered 
off.  It  was  purified  by  recrystallization  from  a  mixture  of  petroleum  ether  and 
benzene.  Yield  3  g  m,p,  l46® . 

In  similar  conditions,  from  2.2  g  of  4-benzyl-2-chlorophenol ,  1.7  g  of 
chloroacetanilide,  and  0.23  g  of  sodium  in  25  ml  of  isoamyl  alcohol,  1,8  g  (50^) 
of  4-benzyl-2-chlorophenoxyacetanllide  was  obtained.  On  recrystallization  from 
petroleum  ether  the  m.p.  was  108* . 

10.  4 -Benzyl -2-bromophenoxyace tic  acid  was  obtained  under  the  conditions 
described  in  the  previous  experiment,  from  4  g  of  4-benzyl-2-bromophenoxyace- 
tamide.  Yield  3.7  g  (90^  of  the  theoretical).  After  two  recrystallizations 
from  a  mixture  of  benzene  and  petroleum  ether  the  m,p.  was  127*. 

0.04l4  and  0,0346  g  substance  required  2.82  and  2.34  ml  O.O5  N  NaOH- 
Found;  M  320.9  and  323.2,  Ci5Hi303Br,  Calculated;  M  320,2, 

4-Benzyl-2-bromophenoxyacetamlde  was  obtained  in  82^  yield,  7«9  g  of  4- 
benzyl-2-bromophenol  and  2.8  g  of  chloracetamide  were  added  to  sodium  isoamy- 
late  (from  0,69  g  sodium  and  30  ml  isoamyl  alcohol),  and  the  mixture  was  boiled 
for  2  hours.  On  cooling,  the  precipitate  was  filtered  off,  washed  with  water 
and  recrystallized  from  benzene  (8  g) ,  M.p.  159’5**  The  anilide  of  this  acid 
was  synthesized  in  53^  yield,  A  white  crystalline  substance  (from  90^  alcohol), 
m.p.  110*, 

11.  4-Benzyl-2-6-dichlorophenoxyacetic  acid,  I.5  g  of  the  acid  was  obtained 
from  1.5  g  of  4-benzyl-2  ,  6-dichlorophenoxyacetamide  after  3  hours  of  boiling 
with  10^  sodium  hydroxide  and  precipitation  with  hydrochloric  acid.  The  melting 
point  after  two  reciystallizations  from  petroleum  ether  was  108* . 

0.0944  and  0,1049  g  substance  required  6.68  and  7.42  ml  O.O5  N  NaOH.  Found: 
M  308.9  and  309.1.  C15H12O3CI2.  Calculated;  M  311.1. 

4-Benzyl-2  ,  6-dichlorophenoxyacetamide  was  synthesized,  as  described  in  Ex¬ 
periment  10,  from  7.7  g  of  4-benzyl-2  , 6-dichlorophenol,  2,8  g  of  chloroacetamide 
and  0,69  g  of  sodium  in  30  ml  of  isoamyl  alcohol.  Yield  6  g  (65^).  White  crys¬ 
tals  (from  benzene)  m.p.  122.5*.  4-Benzyl-2  ^ 6-dichlorophenoxyacetanilide  was 
synthesized  in  a  similar  way.  Yield  IVjo,  M.p,  84.5*. 
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12.  4-Benz.yl-2  ^  6-(ilbrotnophenoxyacetlc  acid.  After  boiling  4  g  of  4-benzyl- 
2  ,  6-dlbromophenoxyacetBinlde  with  20  ml  of  10^  sodium  hydroxide  for  6  hours  and 
acidifying  with  hydrochloric  acid,  3.7  g  (95^  of  the  theoretical)  of  the  acid 
separated,  and  after  two  recrystallizations  from  a  mixture  of  petroleum  ether 
and  benzene  it  melted  at  152*. 

0.1283  and  0.0951  g  substance  required  7*03  and  5»23  ml  O.O5  N  NaOH.  Found: 

M  399.0  and  397.5.  CisHigOaBra.  Calculated:  M  400.2. 

The  amide  of  this  acid  was  obtained  in  a  manner  similar  to  4-benzyl-2 , 6- 
dlchlorophenoxyacetamide  from  10.2  g  of  4-benzyl-2  ,  6-dibromophenol.  Yield 
8.5  g  (71^  of  the  theoretical).  It  was  purified  by  recrystallization  from  a  mix¬ 
ture  of  benzene  and  petroleum  ether.  M.p.  130. 5" •  4-Benzyl-2  ,  6-dibromophenoxy- 
acetanillde  was  synthesized  in  64^  yield.  M.p,  112,5*. 

13.  4-Benz.Ylphenoxy-a-butyric  acid.  To  sodium  ethoxide  obtained  by  dissol¬ 
ving  0.5  g  of  metallic  sodium  in  25  ml  of  ethyl  alcohol,  3*7  g  of  p-benzylphenol 
and  4  g  of  ethyl  bromobutyrate  were  added,  and  the  resulting  solution  was  heated 
for  2  hours  in  a  flask  with  a  reflux  condenser.  Then  I6  ml  of  sodium  hydroxide 
(10^)  was  added  to  the  reaction  mixture  and  the  heating  continued.  After  boiling 
for  an  hour  the  mixture  was  diluted  with  twice  its  volume  of  water  and  filtered. 

The  filtrate  was  acidified  with  HCl,  and  the  oil  which  separated  was  extracted 
with  benzene.  The  acid  was  extracted  from  the  benzene  solution  with  soda,  but 

on  acidification  of  the  soda  solution  an  oil  separated  which  crystallized  only 
after  standing  for  many  days.  Yield  4.2  g  (78^).  It  was  purified  by  recrystalli¬ 
zation  from  petroleum  ether,  M.p.  54*. 

0.1034  and  0.1204  g  substance  required  8.37  and  9 *80  ml  O.O5  N  NaOH.  Found: 

M  270.0  and  268.5  CiyHieOa.  Calculated:  M  271. 3. 

14.  4-Benz.yl-2-chlorophenox.y-a-but.yric  acid  was  obtained  under  the  conditions 
described  for  the  prex)aration  of  4-benzylphenoxy-a-butyric  acid,  from  4.4  g  of 
4-benzyl-2-chlorophenol,  4  g  of  ethyl  bromobutyrate,  and  0,5  g  of  sodium  in  20  ml 
alcohol.  Yield  4.8  g  (80^  of  the  theoretical).  After  two  recrystallizations  from 
petroleum  ether  it  was  a  white  crystalline  substance  of  m.p.  66-67*. 

0.1286  and  0.1444  g  substance  required  8.28  and  10. 40  ml  O.O5  N  NaOH.  Found: 

M  503.0  and  503.5-  C17H1YO3CI.  Calculated:  M  304.8. 

15 .  4-Benzyl-2-bromophenoxy-a-butyric  acid  was  obtained,  as  described  above, 
from  5-5  g  of  4-benzyl-2-bromophenol,  4  g  of  ethylbromobutyrate,  and  O.5  g  of  sodium 
in  20  ml  alcohol.  Yield  6.1  g  (87^).  White  crystalline  substance,  m.p,  71“ 

(after  two  recrystallizations  from  petroleum  etl^r).. 

0.1662  and  0.1592  g  substance  required  10.38  and  10,01  ml  0,05  N  NaOH. 

Found:  M  349-8  and  547-4.  CiyHirOaBr.  Calculated:  M  550.3- 

16.  4-Benzyl-2.  6-dichlorophenoxy-a-butyric  acid  was  obtained  under  the  con¬ 
ditions  of  Experiment  13  from  5  g  of  benzyldichlorophenol  and  equimolecular  propor¬ 
tions  of  the  other  starting  materials.  Yield  5-8  g  (85^).  M.p.  106*  (from  petro¬ 
leum  ether) . 

0.l4l6  and  0,1663  g  substance  required  9-15  and  10. 70  ml  O.O5  N  NaOH.  Found: 

M  338.3  and  359-7-  C17H16O3CI2.  Calculated:  M  340,2. 

17.  4-Benzyl -2  ,  6-dibromophenoxy-a-butyric  acid  was  obtained  under  the  con¬ 
ditions  described  in  Experiment  13,  from  6.8  g  of  4-benzyl-2, 6-dibromophenol  and 
4  g  of  ethyl  bromobutyrate.  Yield  7-1  g  (82^).  White  crystalline  substance.  M.p.. 
107-5  (from  petroleum  ether). 

0.2035  and  0.l402  g  substance  required  10. 4l  and  7-19  ml  O.O5  N  NaOH. 
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Found:  M  427,5  and  426.3.  CiyHiaOsBrs.  Calculated;  M  429.3. 


SUMMARY 

With  the  objective  of  studying  their  physiological  activity  on  plants,  the 
following  acids  not  described  in  the  literature  were  synthesized:  2-halogeno-4- 
ethyl-,  2-halogeno-4-butyl-,  4-benzyl-2-cl loro-,  4-benzyl-2-bromo-,  4-benzyl-2,6- 
dichloro-,  4-benzyl-2,6-dibromophenoxyacetic  acids,  their  amides  and  anilides; 
and  2-bromo-4-ethylphenoxy-,  2-bromo-4-butylphenoxy- ,  4-benzylphenoxy-,  4-benzyl- 
2-chlorophenoxy- ,  4-benzyl -2 -bromophenoxy-,  4-benzyl-2  ,  6-dlchlorophenoxy-,  and 
4-benzyl-2  ,  6-dibromophenoxy-a-butyrlc  acids.  All  the  compounds  listed  were  ob¬ 
tained  in  good  yields. 

LITERATURE  CITED 

[1]  N.  Melnikov,  Chemical  Industry,  1,  20  (1951). 

[2]  V.  Johnson,  R.  Shennan,  R.  Rid.  Organic  reagents  for  organic  analysis. 
Moscow,  1948. 

Received  June  22,  1951  K.  A.  Timiryazev 

Institute  of  Plant  Physiology, 

Academy  of  Sciences  of  the  USSR. 

Chemistry  laboratory. 


2401 


SYNTHESIS  OF  A  NEW  HOMOLOG  OF  CAMPHOR  -  3>-DIMETHYLCAMPHOR  AND  SOME 

OF  ITS  DERIVATIVES 

S.  S.  Nametkln  and  I.  E.  Dzbanovskaya^) 

This  paper  is  one  of  the  links  in  the  series  of  papers  which  were  devoted  by 
Acad.  S.  S.  Nametkin  with  the  collaboration  of  many  students  to  studies  on  the 
homologs  of  the  camphor  group. 

We  synthesized  a  new  methyl-substituted  homolog  of  camphor,  starting  from 
the  4-methylcamphor  synthesized  by  S.  S.  Nametkin  [1].  We  started,  according  to 
the  method  suggested  by  him,  from  fenchone  separated  from  fennel  oil.  By  con¬ 
verting  fenchone  into  methyl  fenchyl  alcohol  and  then  to  methyl  camphene,  by  con¬ 
verting  methyl  camphene  into  U-methylisoborneol  by  the  Nametkin  rearrangement  of 
the  2nd  kind  and  by  subsequent  oxidation  of  the  4-methylisoborneol,  we  obtained 
4-methylcamphor : 


This  close  homolog  of  camphor  was  converted  by  further  methylation  by  the 
method  of  Aller  and  Bauer  [2]  (heating  with  sodamide  and  methyl  iodide),  and  thus 
3,^-dimethylcamphor  was  obtained  (see  following  page). 

The  paper  was  completed  during  the  life  of  Acad.  S.  S.  Nametkin,  and  it  was 
his  wish  to  see  it  in  print. 
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In  the  molecule  of  4 -methyl camphor  the  presence  of  the  two  mobile  hydrogen 
atoms  situated  on  the  carbon  atom  adjoining  the  carbonyl  group  gave  grounds  for 
expecting  the  formation  of  di-  as  well  as  monosubstituted  homologs  of  4-methyl- 
camphor  . 

In  view  of  the  fact  that  one  elementary  analysis  of  the  substance  obtained 
could  not  yet  give  a  final  answer  to  this  question,  whether  we  obtained  the  mono- 
or  dimethyl  substituted  derivative  (because  of  insufficient  difference  in  the  per¬ 
centage  content  of  carbon  and  hydrogen  in  these  two  compounds),  a  series  of 
reactions  was  carried  out  which,  so  it  seemed  to  us,  gave  a  clear  indication  of 
the  fact  that  we  had  obtained  the  monomethyl  derivative  of  4-methylcamphor .  Viz: 
a  reaction  was  carried  out  by  heating  the  prepared  substance  with  sodamide.  As 
is  known  from  the  work  of  Zemmler  [3]  with  fenchone  and  camphenylone ,  and  also 
Alien* s  work  [2]  on  3,3-dimethylcamphor,  in  the  event  of  there  being  a  quater¬ 
nary  carbon  atom  adjacent  to  the  carbonyl  group  in  this  reaction,  one  of  the 
rings  breaks  open  with  the  formation  of  the  amide  of  the  corresponding  acid. 

With  our  substance  this  reaction  would  not  lead  to  the  formation  of  the  amide, 
which  would  appear  to  indicate  that  only  one  hydrogen  atom  on  the  carbon  atom  ad¬ 
jacent  to  the  carbonyl  group  was  replaced  by  the  methyl  group. 

To  Indicate  more  fully  the  structure  of  the  synthesized  substance,  we  con¬ 
verted  It  to  the  corresponding  alcohol,  3 
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In  order  to  establish  the  structure  of  this  alcohol  we  made  use  of  Chugaev*s[4] 
xanthate  method,  which  made  it  possible  to  pass  without  any  appearance  of  isomeri¬ 
zation  from  the  alcohol  to  the  corresponding  unsaturated  hydrocarbon. 
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In  the  application  to  our  case,  on  heating  3 A-dimethylborneol  with 
potassium  metal  in  dry  xylene  and  on  further  treating  the  resulting  hornylate 
with  carbon  disulfide,  the  corresponding  xanthate  was  formed.  By  heating  the 
xanthate  with  methyl  iodide,  the  methyl  ether  of  dlmethylbornylxanthic  acid 
was  obtained. 

Thermal  decomposition  of  this  ether  gave  the  hydrocarbon  3,^-dimethyl- 
bornylene .  Its  formation  as  a  result  of  Chugaev’s  reaction  confirms  the 
presence  of  one  unsubstituted  hyarogen  atom  on  the  carbon  adjacent  to  the 
hydroxyl  group  in  the  molecule  of  the  original  alcohol,  because  only  in  this 
case  is  the  formation  of  this  hydrocarbon  possible  by  the  dehydration  of 
dlmethylborneol . 

The  final  structure  of  this  hydrocarbon  was  confirmed  by  its  reaction 
with  Prilezhaev's  reagent  [5]  (benzoyl  hydroperoxide).  On  a  basis  of  this 
reaction  a  method  was  worked  out  by  the  late  S.  S.  Nametkin  with  the  collab¬ 
oration  of  L.  Ya.  Bryusova  [6]  for  the  quantitative  determination  of  double 
bonds  in  unsaturated  hydrocarbons.  On  applying  this  method  to  the  hydrocar¬ 
bon  obtained  from  3^^-dimethylborneol  by  Chugaev’s  reaction,  it  was  success¬ 
fully  established  that  it  was  99.1^  hydrocarbon  with  double  bond. 

The  results  of  the  analysis  showed  that  if  bornylene  is  not  formed  in 
the  reaction  when  about  20^  tricyclene  is  also  formed  in  the  same  reaction, 
the  reaction  proceeds  only  with  the  formation  of  the  unsaturated  hydrocarbon. 
Such  a  course  for  the  reaction  evidently  depends  on  the  presence  at  the  C3  atom 
of  hydrogen  of  tertiary  character. 


EXPERIMENTAL 

The  starting  material  for  this  work  was  fenchone,  separated  from  a  number 
of  specimens  of  native  fennel  oil,  for  which  the  latter  was  submitted  to  vacuum 
distillation.  The  fraction  boiling  at  67-75**  si't  15  nun  was  cooled  to  +2®  to 
separate  the  anethole.  The  oil  was  then  distilled  at  normal  pressure  and  the 
fraction  boiling  185-200®  was  treated  with  nitric  acid  [7]  (d  1.42).  After 
separation,  washing,  distilling  in  steam  and  drying,  the  fenchone  was  again 
distilled  in  vacuo.  Samples  of  fenchone  of  b.p.  72-74®  at  15  mm,  n£°  1.4636- 
1.4660,  were  used  for  further  work. 

Preparation  of  methyl  fenchyl  alcohol  and  a-methylcamphene«  In  order  to 
prepare  methylfenchyl  alcohol  froiu  fenchone  we  made  use  of  the  Grignard  reac¬ 
tion  in  accordance  with  the  directions  of  N.  D.  Zelinsky  [8]  and  S.  S.  Nametkin 
[1].  Methylfenchyl  alcohol  obtained  by  simple  distillation  often  splits  off 
water  forming  a-methyl  camphene.  Since  moreover  the  dehydration  of  methylfen¬ 
chyl  alcohol  did  not  proceed  to  completion  in  all  our  experiments,  the  resi¬ 
dues  of  methylfenchyl  alcohol  which  did  not  split  off  water  in  these  conditions 
were  then  treated  with  potassium  bisulfate  by  Wallach’s  method  [9].  On  dis¬ 
tillation,  a-methylcamphene,  b.p.  169.5-172“^  and  m.p.  38-39**^  was  obtained.  It 
was  used  for  the  following  reactions  without  further  purification. 

Preparation  of  methyl  isobornyl  acetate  and  methyl  isoborneol.  a-Methyl- 
camphene  was  converted  into  methylisobomyl  acetate  by  Bertram  and  Wahlbaum’s 
reaction  [10].  The  ester  obtained,  after  vacuum  distillation,  was  hydrolyzed 
with  caustic  potash  in  dilute  alcohol  and  was  used  without  further  purification 
(m.p.  190®)  for  the  next  reaction. 

Preparation  of  4-methyl  camphor.  The  conversion  of  4-methyllsoborneol 
into  4-methylcamphor  was  carried  out  by  oxidizing  it  with  strong  nitric  acid. 
The  4-methylcamphor  obtained  was  then  purified  by  adding  alkaline  permanganate 
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and  distilling  in  steamj  m.p.  l67-l68* . 

Preparation  of  ^j^-dimethylcamphor .  4-Methylcamphor  was  further  methylated 
with  methyl  iodide  in  the  presence  of  iodamide  [2].  25  g  (0.15  mole)  U-methyl- 

camphor  (dried  over  caustic  potash)  were  dissolved  in  absolute  benzene 5  to  the 
benzene  solution  5*9  6  (0.].;  mole)  sodamide^)  ground  under  absolute  benzene  were 
added  and  the  mixture  was  heated  on  the  water  bath  for  6-7  hours.  Next  day  after 
an  hour’s  heating,  25  g  (0.17  mole)  methyl  iodide  (dried  over  calcium  chloride), 
containing  a  little  absolute  benzene,  were  added  gradually.  The  mixture  was 
heated  in  all  for  about  5  hours.  Then  the  contents  of  the  flask  were  poured 
into  cold  water,  and  the  benzene  layer  was  separated,  washed  with  water  until 
neutral  and  dried  over  sodium  sulfate.  To  complete  the  reaction  the  dried 
benzene  solution  was  once  more  subjected  to  the  methylation  reaction  in  the 
same  conditions.  The  resulting  product  was  treated  as  described  above,  and 
after  removal  of  the  benzene,  was  distilled  in  vacuo.  The  main  bulk  distilled 
at  122-126*  at  45  mm. 

The  new  camphor  homolog,  3,^-dimethylcamphor,  was  obtained  as  a  white, 
crystalline  substance  with  a  characteristic  odor  of  camphor.  Its  melting  point 
after  repeated  sublimation  was  107-108.5*.  Yield  10. 5  g. 

0.1207  g  substance:  0.3526  g  CO2J  0.1217  g  H2O.  0.1328  g  substance; 

0.3878  g  CO2;  0.1335  g  H2O.  Found  C  79.67,  79.64;  H  11.28,  11.23. 

C12H20O.  Calculated  C  79-94;  H  11. I8. 

An  attempt  to  prepare  an  oxime  from  this  ketone  by  Wallach’s  [13]  method 
and  also  by  Behai’s  [l4]  did  not  give  a  positive  result.  On  heating  the  ketone 
with  sodamide  by  Zemmler’s  method,  no  amide  was  formed. 

Preparation  of  3,4-dimethylborneol.  7-5  g  metallic  sodium  (three  times  the 
theoretical  quantity)  were  gradually  added  to  10  g  3,4-dimethylcamphor  (0,05 
mole)  dissolved  in  100  ml  absolute  alcohol.  After  all  the  metallic  sodium  had 
been  added,  the  mixture  was  heated  on  the  water  bath  for  2  hours.  Then  the 
mixture  was  poured  into  cold  water,  and  after  acidification  with  dilute  sulfuric 
acid,  the  precipitated  3,4-dimethylborneol  filtered  at  the  pump  and  dried.  On 
dissolving  it  in  alcohol,  filtering  and  precipitating  with  water,  a  white, 
crystalline  product  melting  at  130-131*  was  obtained.  After  repeated  sublimation 
the  melting  point  of  the  resulting  alcohol  was  135-136*.  Yield  10  g. 

0.1158  g  substance;  O.3296  g  CO2;  0.1235  g  H2O.  0.1230  g  substance; 

0.3556  g  CO2;  0.1543  g  H20.  Found  C- 78.99,  78.85;  H  12, l4,  12,22. 

C12H22O.  Calculated  C  79-06;  H  12. 16. 

Preparation  of  3,4-dimethylbomylene.  55  g  (0.'19  mole)  3,4-dimethyl- 
bomeol  dried  over  caustic  potash  were  dissolved  in  210  g  absolute  xylene, 

7.5  g  (0.19  mole)  metallic  potassium  were  added,  and  the  mixture  was  heated  to 
boiling  on  the  sandbath  in  a  flask  with  a  soldered  reflux  condenser  for  20 
hours  (until  the  potassium  had  completely  dissolved).  On  cooling,  30  g  (0.39 
mole,  i.e.  twice  that  required  by  the  theory)  carbon  disulfide  were  added,  and 
the  mixture  was  allowed  to  stand  overnight.  35  g  methyl  iodide  (0.24  mole) 
were  then  added,  and  the  mixture  was  heated  on  the  water  bath  for  one  day.  After 
washing  with  water,  the  xylene  was  distilled  in  steam.  The  oil  remaining  was 
dried  off,  and  the  resulting  methyl  dimethylbornylxanthate  was  decomposed  by 
heating  in  a  flask  fitted  at  first  with  a  fractionating  column  and  towards  the 
end  with  a  simple  headpiece.  In  this  way  the  hydrocarbon  was  obtained  as  a 
■*■)  We  prepared  sodamide  by  passing  dry  ammonia  into  molten  metallic  sodium 
at  a  temperature  of  300-400*  [11,12]. 
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slightly  yellowish  crystalline  tbbss,  which  distilled  mainly  at  203-217* ,  This 
hydrocarbon  is  vei*y  volatile.  After  a  double  treatment  with  alcoholic  caustic 
potash  (1:3)  with  slight  heating,  the  reaction  mixture  was  poured  into  water, 
and  the  hydrocarbon  filtered  at  the  pump  and  recrystallized  from  alcohol.  After 
repeated  sublimation  the  :n.p.  was  85-86*. 

0.1095  g  substance;  0.3515  g  CO25  0,l2l6  g  HgO.  Found  87.5OJ  H  12.43. 
CiaHso-  Calculated  C  87.73j  H  12.27. 

Prilezhaev*s  method  was  used  to  demonstrate  the  structure  of  the  hydro¬ 
carbon  formed.  The  perbenzoic  acid  necessary  for  the  reaction  was  prepared 
from  benzoyl  peroxide  [16]  and  was  used  in  chloroform  solution.  The  quantitative 
analysis  of  this  hydrocarbon  was  carried  out  by  the  method  of  S.  3.  Nametkin  and 
L.  Ya.  Bryusova  [6]. 

Weighed  portions  of  the  substance  to  be  investigated  were  placed  in  two 
Erlenmeyer  flasks  (I  and  II)  with  ground  glass  stoppers;  0,1260  g  in  flask 
I  and  0.1326  g  in  flask  IIj  then  I5  ml  of  a  chloroform  solution  of  perbenzoic 
acid  were  added  to  each,  and  both  flasks  were  left  at  room  temperature  for  42 
hours.  A  blank  experiment  was  conducted  at  the  same  time  with  a  solution  of 
perbenzoic  acid  only,  in  the  same  conditions.  After  42  hours  20  ml  10^  potassium 
iodide  and  2  ml  10^  sulfuric  acid  were  added  to  the  contents  of  each  of  the 
three  flasks  and  the  liberated  iodine  was  back  titrated  with  hyposulfite 
solution(K=  1.1251).  Spent  hyposulfite  (in  ml); 

Flask  I  35.70 

Flask  II  3^.98 

Blank  experiment  49.30 

The  perbenzoic  acid  combined  with  O.IO56  g  of  batch  I  Instead  of  the 
theoretical  0,1059  g  and  with  0.1112  g  of  batch  II  instead  of  the  theoretical 
0.111^  g.which corresponds  to  99*7^^  hydrocarbon  with  a  double  bond,  i.e.  3>4- 
dimethylbornylene . 

SUMMARY 

1.  The  hitherto  undescribed  homolog  of  camphor  -  3>^-dimethylcamphor  — 
was  obtained  by  the  methylation  of  4-methylcamphor  (obtained  from  fenchone  by 
S.  S.  Nametkin *s  method)  with  methyl  iodide  in  the  presence  of  sodamide. 

2.  It  was  shown  that  on  heating  the  resulting  ketone  with  sodamide,  the 
corresponding  amide  was  not  formed,  which  confirms  the  absence  of  two  methyl 
groups  on  the  carbon  atom  adjacent  to  the  carbonyl  group. 

3.  It  was  shown  that  in  common  with  3^ 5-dimethylcamphor  and  a  number  of 
other  ketones  the  molecule  of  which  contains  a  considerable  number  of  methyl 
groups,  this  ketone  does  not  enter  into  reaction  with  hydroxy lamine . 

4.  By  the  reduction  of  3^^-diraethylcamphor  a  new,  hitherto  undescribed 
homolog  of  borneol,  3^^-dimethylbomeol,  was  obtained. 

5.  It  was  shown  that  the  hydrocarbon  3^4-dimethylbornylene,  was 

formed  from  the  newly  prepared  alcohol  by  Chugaev*s  reaction. 

6.  The  structure  of  the  resulting  hydrocarbon,  as  of  3>^-dimethyl- 
bornylene,  was  confirmed  by  titrating  it  with  perbenzoic  acid  by  a  method 
suggested  by  S.  S.  Nametkin  and  L.  Ya.  Bryusova. 
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ISOMERIZATION  OF  POLYMETHYLENE  HYDROCARBONS  UNDER 
THE  "^TT.UEHCE  OF  ALUMINUM  CHLORIDE 


XVII.  Isomerization  of  Methylcyclohexane,  1, 1-DimethylcyclohexaTae, 
1,2-Dime thy Icyclohexane  and  Ethylcyclohexane 

N.  D.  Zelinsky,  M,  B.  Turova -Polyak,  N.  F.  Tsvetkova  and  E.  G.  Treshchova 


N.  D.  Zelinsky  and  I.  0.  Pappe  [1]  in  1905  first  showed  the  possibility  of 
converting  five-membered  cyclanes  (ethylcyclopentane)  into  six-membered  ones 
(methylcyclohexane)  by  meeins  of  bromine  and  aluminum  bromide.  It  was  later  shown 
by  M,  B.  Turova-Polyak  that  homologs  of  cyclopentane  of* general  formula  C7H14  and 
CsHie  (ethyl- [2],  1,1-dimethyl  [5],  1,2-dlmethyl-  [4],  l-methyl-2-ethylcyclopentane 
[5]>  normal  and  isopropylcyclopentane  {6,7]  on  reacting  with  aluminum  chloride  are 
converted  into  the  corresponding  methyl  derivatives  of  cyclohexane,  in  many  cases 
even  at  room  temperature.  In  connection  with  this  it  was  interesting  to  explain 
the  behavior  of  homologs  of  cyclohexane  of  the  same  composition  -  C7H14  and  CeHie 
(methyl-,  1,1-dimethyl-,  1,2-dlmethylcyclohexeuie  and  ethylcyclohexane)  in  similar 
conditions . 

As  a  result  of  our  investigation  the  great  difference  in  behavior  of  the 
cyclopentane  and  cyclohexane  hydrocarbons  was  explained  in  relation  to  aluminum 
chloride  (Table  l) .  The  isomerization  of  cyclohexane  homologs  in  the  absence  of 
homologs  of  cyclopentane  occurs  only  after  long  heating  with  aluminum  chloride j 
moreover  the  isomerization  of  hydrocarbon  rings  does  not  occur  but  the  action  of 
aluminum  chloride  leads  either  to  -transfer  or  to  redistribution  of  the  radicals. 


Table  1 


General 
f  onaula 

1 

Original  Hydrocarbon 

1 

Isomerization  Products 

Yield  of 
isomeri¬ 
zation 
products 

C7H14 

Ethylcyclopentane 

1 . 1- dimethyl cyclopentane 

1 .2- dimethylcyclopentane 

Methylcyclohexane 
ditto 
.  ditto 

92-97 
95.0 
91.5  . 

Methylcyclohexane 

Is  not  Isomerlzed 

CeHie 

l-Methyl-2-ethyl cyclopentane 

1  n-Propylcyclopentane 
i  iso-propylcyclopentane 

1,3-  and  1,4-dlmethylcyclo-  ' 

ditto 

90.5 

1  8>-87- 

i  84, 5_ 

1 1 . 1- Dlmethylcyclohexane 

1 1 . 2 - Dimethyl eye lohexane 
|Ethyl cyclohexane 

1 

1, 5-‘Dlmethylcyclohexane-^  ^ 

'1, U-Dimethylcyclohexane^ ' 
il,2-Dimethylcyclohexane^' 

|l ,  1-Dimethylcyclohexane  ^  ^ 

i  About  58 

j  »»  20 

1  "  14 

1 

1  "  6 

Comparison  of  the  results  obtained  by  the  action  of  aluminum  chloride  on 
methylcyclohexane  with  those  obtained  by  the  isomerization  of  homologs  of  cyclo- 
pentane  of  general  formula  C7H14  gives  reason  to  consider  that  in  the  reaction 
Obtained  by  isomerization  of  each  of  the  three  homologs  of  cyclohexane. 


ethylcyclopentane  +  1,1-dimethylcyclopentane  +  1,2-dimethylcyclopentane methyl- 
cyclohexane,  equilibrium  is  established  displaced  towards  the  formation  of 
methylcyclohexane  (92-971^) .  Proof  by  thermodynamical  calculations  of  the  results 
obtained  experimentally  has  not  at  present  been  accomplished  because  there  are 
no  data  of  the  heat  content^  entropy  and  specific  heat  of  five-membered  cyclanes 
in  the  liquid  phase,  with  the  exception  of  ethylcyclopentane.  For  the  particular 
case  of  the  isomerization  methylcyclohexane ethylcyclopentane,  the  equilibrium 
constant  and  percentage  composition  of  the  resulting  equilibrium  mixture  [8]  were 
calculated.  At  the  temperature  of  the  experiment  100-101“  Ke  =  0.0098  and  the 
molar  percentage  of  ethylcyclopentane  in  the  equilibrium  mixture  is  0.97-l-0^» 

The  results  obtained  confirm  to  a  certain  extent  our  hypothesis  that  in  the  present 
investigation  we  reached  a  position  of  equilibrium  of  the  system  methylcyclo¬ 
hexane  j—*’  ethylcyclopentane . 

Comparison  of  the  results  obtained  on  isomerization  of  the  homologs  of 
cyclopentane  of  general  formula  CeHie  with  those  obtained  as  a  result  of  the 
action  of  aluminum  chloride  on  1,1-dimethyl-,  1,2-dimethylcyclohexanes  and 
ethyl  cyclohexane  (CeHie)  gives  reason  to  suppose  that  the  equilibrium  between 
the  homologs  of  cyclopentane  CsHie  and  the  corresponding  hydrocarbons  of  the 
cyclohexane  series  is  almost  completely  displaced  to  the  side  of  the  latter. 

EXPERIMENTAL 


Isomerization  of  methylcyclohexane.  In  this  case  the  reaction  proceeded 
in  the  same  conditions  as  in  the  isomerization  of  ethylcyclopentane  [2],  1,1- 
dimethylcyclopentane  [3]  and  1,2-dimethylcyclopentane  [4].  Methylcyclohexane 
was  heated  with  aluminum  chloride  (5:1)  for  20  hours  at  100-102“.  The  hydro¬ 
carbon  obtained  as  a  result  of  the  action  of  aluminum  chloride  on  methylcyclo¬ 
hexane,  according  to  its  constants,  hardly  differed  from  the  original  cyclohexane. 

Methylcyclohexane  b.p.  100.2“  (746  mm) j  n5°  1.4251j  df®  0.7689;  isomeri¬ 
zation  product  b.p.  99-100“  (740  mm);  n5°  1.4228;  d|°  O.768I. 


The  reaction  product  was  investigated  by  means  of  Raman  spectra  (Table  2) . 
_ Table  2^^ _ 


Spectrum  of  methyl  cyclohexane 


[9] 


Spectrum  of  reaction  product 


312(0, r  );  *540(0,  r);  408(14)-,  446(25); 
546(21)-,  770(99,  S);  845(18,  S);  974(16; 
1033(51);  106i(2)>  1089(15, r);  Il64(i4) 
1205(8);  1250(20);  1266(23);  1306(11); 
1544(16,  d);  1565(2, r);  1445(54); 
1460(35) 


311(0.5);  339(0.3);  408(5);  445(5);  5^7(4); 
771(45);  845(4);  975(3);  1034(18);  1057(1); 
1088(3);  ll64(8);  1205(2);  1250(3);  1267 
(6);  1506(3);  1346(6);  1359(1);  l445(lO/r) 
l46o(10) 

/ 


It  follows  from  these  results  that  methylcyclohexane  is  hardly  changed  at 
all  by  the  action  of  aluminum  chloride.  No  lines  other  than  the  methylcyclohexane 
lines  are  observed  in  its  spectrum.  However,  by  this  method,  in  mixtures  it  is 
possible  to  observe  only  those  components  which  are  present  in  quantities  exceeding 
3-5^-  error  in  the  visual  determination  of  six-  and  five-membered  cyclanes 

is  +5-10^.  Thus  if  the  reaction  product  also  contains  a  small  quantity  of  five- 
membered  cyclanes,  it  may  be  unobserved  by  the  method  of  Raman  spectra. 


As  a  result  of  the  dehydrogenation  of  the  reaction  product  a  catalyzate 
was  obtained  which  was  completely  absorbed  by  98^  sulfuric  acid.  It  is  thus 
possible  to  draw  the  conclusion  that  methylcyclohexane  hardly  undergoes  any  change 
in  the  conditions  of  our  experiments. 

In  this  and  the  following  tables  the  intensities  of  the  Raman  lines,  measured 
visually,  are  given  in  brackets. 
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N.  D.  Zelinsky  came  to  a  similar  conclusion  In  1899  In  his  paper  on 
"The  Synthesis  of  o-Dlaethylhexamethylene "  [10],  which  said;  ■  In  order  to 
decide  the  question  whether  In  general  the  hexamethylene  ring  Is  Isomerlzed 
under  the  lixfluence  of  aluminum  bromide,  we  heated  3-niethylhexamethylene 
bromide  for  some  time  In  a  sealed  tube  In  the  presence  of  aluminum  bromide. 

Neither  this  exx>erlment  ror  the  distillation  of  the  specified  bromide  with  a 
small  quantity  of  aluminum  bromide  gives  any  Indication  of  the  possibility  of 
the  Isomerization  of  the  ring}  on  the  contrary  a  bromide  was  obtained  with  the 
same  b.p.  175-176*  as  the  starting  material;  on  reduction,  methylhexamethylene 
was  obtained  from  It,  The  ring  therefore  does  not  Isomerlze  In  these  condi¬ 
tions  . " 

The  Isomerization  of  1,1-dlmethylcyclohexane,  1,2-dlmethylcyclohexane 
and  ethylcyclohexane  was  carried  out  In  the  same  conditions  as  the  Isomerization 
of  l-methyl-2-ethylcyclopentane  [5],  n-  and  Isopropylcyclopentanes  [6,7]  “  by 
heating  with  aluminum  chloride  (5*.l)  Tor  20  hours  at  120-130*.  The  reaction 
products  after  suitable  purification  were  distilled  through  a  column  with  an 
efficiency  of  ^0  theoretical  plates.  The  constants  of  the  original  hydrocarbons 
and  the  reaction  products  are  given  In  Table  3. 


Table  3 


Cons¬ 

tants 

1,1-Dlmethyl- 

cyclohexane^) 

1,2-Dlmethyl- 

cyclohexane^) 

Ethylcyclohexane^] 

Original 

Product  of 
Isomerlza- 
1  tlon 

Original 

Product  of 
Isomeriza¬ 
tion 

Original 

Product  of 
Isomeriza¬ 
tion 

B.p. 

|l19.1-119»2 

118-122 

127-128 

118-122 

131.6-131.7 

118-122 

ng° 

'  1.4292 

1,4228 

1.4309 

1.4218 

1.4330 

1.4217 

0.7820 

0.7689 

!  0,7871 

0,7689 

0.7876 

0.7689 

57.01 

37.10 

1  36.81 

37.01 

56.97 

37.01 

From  the  data  given  In  Table  3  I't  may  be  concluded  that  as  a  result  of 
the  Isomerization  of  1,1-  and  1,2-dlmethylcyclohexane  and  ethylcyclohexane,  one 
and  the  same  product  Is  obtained.  To  explain  the  composition  of  the  Isomerization 
products  the  latter  were  Investigated  by  the  method  of  Raman  spectra.  The  spectra 
of  the  original  hydrocarbons  and  their  Isomerization  products  are  given  below 
(Table  k) . 

It  follows  from  the  equation  of  the  spectra  (Table  4)  that  In  all  three 
cases  one  and  the  same  mixture  of  hydrocarbons  Is  obtained,  which  consists  only 
of  slx-membered  cyclanes.  Lines  characteristic  of  flve-membered  cyclanes  sire 
absent.  Moreover,  on  comparing  our  spectra  with  the  spectra  of  Individual  hydro¬ 
carbons  of  the  cyclohexane  series  of  general  formula  CsHi©,  we  came  to  the 
conclusion  that  the  hydrocarbon  mixtures  obtained  by  us  consist  mainly  of  1,3- 

CeHie.  Calculated  MRp  36. 9^ • 

1.1- Dlmethylcyclohexane  obtained  by  the  method  of  N.  D.  Zelinsky  and  N.  V. 
Elagina  [10]. 

1.2- Dlmethylcyclohexane  obtained  by  the  hydrogenation  of  commercial  1,2- 
xylfene . 

Ethylcyclohexane  obtained  by  the  hydrogenation  of  ethyl  benzene;  the  latter 
was  synthesized  by  the  Frledel-Crafts  method  from  benzene  and  ethyl  bromide  In 
the  presence  of  aluminum  chloride. 
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Table  4 


Original  1,1-dimethylcyclohexane;  Isomeriiation  product  of  1,1-dimethyl- 

cyclohexane: 

300(1);  323(3);  356(1.5);  406(1.6);  !253(1.5);  276(0);  295(0);  322(1);  357(0); 

429(1);  460(2.5);  556(3);  706(30);  374(2);  413(1);  421(4);  446(2.5  );  474 

776(0.5  );  827(6);  850(2.5);  918(1.5);  (0.5);498(1.8);  546(6);  705(2);  735(0.2); 

939(1.5);  963(2.5);  986(1);  1028(7);  748(1);  76l(4);  770(6);  795(0);  827(1); 

1048(0.3);  1080(2);  1091(0.5);  1150  849(1.6) ;950(0. 3) ;  956(0.8);  986(1.3); 

(1) ;1170(1);  1190(6);  1246(2.5);  1266  1002(l);  1059(8);  1080(l);  1107(0. 5r); 

(5);  1280(1.5);  1296(2);  1350(1);  1168(4);  1183  (3,r);  1219(2);  1245(1.5); 

l44o(lOr);  1466(5);  2840 ( l) ;  2862(5);  1267(1.5);  1304  (l,r);  1346(3, r);  l44o 

2885(1);  2920(10);  2949(2)  (3,r);  1460(10) 

Original  1,2-dimethylcyclohexane:  'isomerization  product  of  1, 2-dime thyl- 

i  cyclohexane : 

284(1);  314(1);  333(1.5);  413(3, r);  439  253(1.5);  322(0.5);  357(0);  373(1.5); 
(1.8);  498(4);  538(2);  596(1.2);  730(26)|4i3(1);  421(4);  448(2. 5r);  472(0.5); 
748(7);  805(1);  822(1. 5d);  842(5);  858  i499(1.8);  546(6);  7o4(1.8);  735(0);  748 
(1.3);  879(1,  );921(1);  950(4,r);  976  .(1);  761(4);  770(6);  793(0);  827(1); 

(2) ;  1007(8.5);  1054(2);  1079(1);  1091  1849(1.8);  930(0.5);  956(0.9);  986(1.2); 

(3,r);  1219(2.5);  1256(7);  1296(2, r);  1004(0.5);  1032(0.3);  1058(8);  1080(l); 

1317(1.5);  1346(3, r);  1440(10);  l46o  1107(0.8  );  1168(3.5);  1185(2.5  );  1219 
(7,  r)  (2);  1245(1);  1267(2);  1504(l);  1546 

(3,r);  1442(3, r);  l460(10). 

Original  ethylcyclohexane;  ; Isomerization  product  of  ethylcyclo- 

\  hexane : 

327(0.3);  365(2.5);  427(1.5);  442(1.5);  i253(l. 5);  276(0.1);  322(0.5);  357(0); 
457(2);  540(2);  573(0.5);  752(5);  771  374(1.5);  4l0(0.8);  421(4);  446(2. 5r); 

(1);  793(5.5);  821(0.5);  844(4.5);  875  474(0.5);  499(1.8);  546(6);  706(1.8); 
(0.5);  912(1. 5r);  987(0.3);  1015(2.5);  1735(0.5);  748(1);  76l(4);  769(6);  795 
1057(10);  1062(0.8);  1085(2. 5f);  1107  (0)',  827(1);  849(1.5);  930(0.5);  956 
(0.5);  1165(4);  1194(1. 5r  );  126l(l8);  (1);  986(1.2);  1002(0.8);  1030(0.5); 

1290(1);  1350(2,r);  1445(10);  l460(15)  1059(8);  1080(1);  1107(l,r);  1168(3.5); 

1183(2. 5r);  1219(1.7);  1245(1.5);  1267 

(1.2);  1304  (1.2r);  1346(3,  r) ;  l440 

(3,r);  1460(10) 

and  1,4-dimethylcyclohexanes;  1,2-  and  particularly.  1,1-dimethylcyclohexanes  are 
present  in  them  in  very  small  quantity. 

For  the  quantitative  determination  of  1,3-dimethylcyclohexane  the  following 
spectrum  lines  were  used;  770(6);  421(4);  546(6);  for  1,4 -dime thylcyclohexane 
the  lines  76l(4);  374(1.5);  for  1,2-dimethylcyclohexane  the  lines  499(1.8); 

748(1) ;and  for  1,1-dimethylcyclohexane  the  line  705(2). 

As  a  result  of  calculations  on  the  specified  lines,  it  was  made  clear  that 
■  in  the  isomerization  of  1,1-dimethylcyclohexane,  1,2-dimethylcyclohexane  and 
ethylcyclohexane  a  mixture  of  one  and  the  same  composition  is  obtained;  about 
58^  1,3-dimethylcyclohexane,  20^  1,4-dimethyl cyclohexane,  l4^  1,2-dimethylcyclo¬ 
hexane  and  6^  1,1-dimethylcyclohexane. 

SUMMARY 

1.  Me thylcyclohexane  does  not  undergo  any  noticeable  change  under  the 
influence  of  aluminum  chloride. 
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2.  The  iBomerlzation  of  1,1-dimethylcyclohexane,  l,2-.dimethylcyclohexaae 
and  ethylcyclohexane  gives  one  and  the  same  mixture  of  hydrocarbons,  consisting 
according  to  the  results  of  the  Raman  spectra,  of  58^  1,3-dimethylcyclohexane, 
20^  1 ,4-dimethylcyclohexane,  l)4^')t  1,2-dime thylcyclohexane  and  6^  1,1-dimethyl- 

cyclohexane  . 
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SOME  NEW  DATA  ON  TTffi  ISOMERIZATION  OF  CYCLOHEXANE  BY  ALUMINUM  CHLORIDE 


N.  D.  Zelinsky,  M,  B.  Turova -Polyak,  N.  F,  Tsvetkova  and  E.  G.  Treshchova 

In  1932  N.  D.  Zelinsky  and  M.  B.  Turova-Polyak  studied  the  action  of 
aluminum  bromide  and  chloride  on  cyclohexane  [1].  When  the  reagents  were 
heated  for  a  long  time  a  mixture  of  hydrocarbons  was  obtained  consisting  of 
cyclohexane,  methylcyclopentane  and  a  hydrocarbon  with  b.p.  68-70*.  The 
structure  of  dimethylcyclobutane  was  assigned  to  the  latterj  this  hydrocarbon 
was  not,  however,  isolated  in  the  pure  state. 

In  1932,  in  order  to  investigate  the  reaction  products,  we  employed  only 
the  method  of  catalytic  dehydrogenation.  As  it  is  nowadays  possible  to  conduct 
additional  investigations  by  the  methods  of  precision  distillation  and  Raman 
spectra,  we  turned  to  this  work  in  order  to  establish  accurately  the  structure 
and  quantity  of  the  hydrocarbons  obtained  in  the  Isomerization  of  cyclohexane  by 
aluminum  chloride.  After  the  present  research  we  came  to  the  conclusion  that 
the  only  isomerization  product  of  cyclohexane  in  the  presence  of  aluminum 
chloride  is  methylcyclopentane,  which  in  the  conditions  of  our  latest  experiments 
is  obtained  in  a  quantity  of  24-25^.  As  regards  the  low  boiling  hydrocarbon 
fraction  (b.p.  68-72*)  which  we  obtained  in  the  1932  experiments  and  in  which 
we  supposed  the  presence  of  dimethylcyclobutane,  it  evidently  consisted  of 
methylcyclopentane  with  the  addition  of  a  small  amount  of  decomposition  products 
which  could  be  formed  by  the  prolonged  action  of  aluminum  halides  on  cyclohexane. 

EXPERIMENTAL 

Cyclohexane  with  the  following  constants  was  used  in  the  reaction:  b.p.  79* 
at  475  mmj  ng°  1. 42265  df®  0.7773)  MRd  27.685  MRd  calculated  for  CeHis  27. 71. 

The  addition  of  aluminum  chloride  to  cyclohexane  (1:3)  did  not  cause  evolution 
of  heat  from  the  reaction  mixture.  The  reaction  was  carried  out  for  20  hours  at 
77-78*  with  uninterrupted  mechanical  stirring.  The  gaseous  products  formed  during 
the  work  were  not  separated.  The  reaction  product  separated  from  the  aluminum 
chloride  was  carefully  washed,  dried  and  distilled  in  a  column  with  an  effi¬ 
ciency  of  4o  theoretical  plates.  The  mixture  began  to  boil  at  72.3*  and  finished 
at  80*  at  75^  ™i5  no  lower  boiling  products  were  observed.  The  reaction  product 
had  the  following  constants:  b.p.  72.3-80*5  ng°  I.42085  df®  0.7706. 

In  order  to  establish  the  nature  of  the  lower  boiling  hydrocarbons  obtained 
as  a  result  of  the  isomerization  of  cyclohexane,  the  fraction  (b.p.  72.3*  at 
73^  mm,  ng°  1.4o85  and  df°  0,7^88)  was  collected.  On  comparing  the  constants 
of  this  fraction  with  the  constants  of  the  1,3-dlmethylcyclobutanes  [2]  recently 
synthesized  by  B.  A.  Kazansky  and  M.  Yu.  Lukina  and  the  constants  of  methylcy¬ 
clopentane  [3]  (Table  1)  it  is  evident  that  methylcyclopentane  is  the  only 
isomerization  product  of  cyclohexane.  In  the  same  way  the  absence  of  dimethyl¬ 
cyclobutane  in  the  isomerization  product  may  be  considered  proved. 

The  Isomerization  product  of  cyclohexane  was  also  investigated  by  the  method 
of  Raman  spectra.  The  spectrum  of  the  Isomerization  product  and  (for  comparison) 
the  spectra  of  methylcyclopentane  and  dimethylcyclobutanes  are  given  in  Table  2. 

As  seen  from  Table  2,  lines  characteristic  of  cyclohexane  and  methylcyclo¬ 
pentane  are  observed  in  the  spectrum.  Other  lines  including  lines  which  would  be 
characteristic  of  dimethylcyclobutane  are  not  observed. 


Thus,  the  Investigation  by  the  method  of  Raman  spectra  confirmed  our 
conclusions  of  the  isomerization  product,  which  were  based  on  comparison  of 
the  constants  (Table  l). 


Table  1 


Constants 

Hydrocarbons 

1,3-diniethylcyclobutane  | 

Isomeriza¬ 

tion 

product 

Methylcy¬ 

clopentane 

Cis- 

Trans-  j 

B.p . 

j 

|6o.5^0.6® 

57.4-57.0' 

1 

j  72.5*  at 

71.5”7^  at 

i  at  780  mm 

i  at  760  mm 

j  754  mm 

754  mm 

ng° . 

1.5953 

1  1.3896 

i  1.4085 

1,4095 

. 

0.7106 

1  0„7016 

!  0.7488 

0,7493 

Table  : 

2 

Spectrum  of  methylcy- 
clopenteine  [3] 

j 

Spectrum  of  reaction 
product 

j 

Spectrum  of 
cyclohexane 
[3] 

Characteristic 

lines  of  the  ' 

spectra  ! 

Cls-1,3. 

di- 

methyl- 

cyclo- 

butane 

Trans-1,3-  1 

dimeth-  j 

ylcyclo- 
butane 

307(3)}  520(3)}  431(5)}  ' 
534(18)5  593(0)}  784(0)}' 

798(5)}  809(5)}  822(1)5 
893(16,  r)}  849(16, r) 5 
890(45)5  979(8)5  995(8)} 
1012(9)5  1024(9)}  1057 
(0)5  1087(8,r)5  1137(1)} 
1175(0)}  119:)(4)}  1221 

(4)5  1254(0)}  1275(2)5 
1291(4)}  1305(4)}  1517 
(4)}  1352(4)51446(39)} 
1456(41)}  1474(10,  r). 

1  325(0.2)5  385(2)5  427 

1  (3.5)}  553(1)}  802(60)5 

1  845(0.5)}  890(2, r)} 
1030(20,r)}  1085(3)} 
1158(2.5)5  1267(12, r) 5 

1322(2)}  1351(1.5)} 
1427(1)}  l443(10,r)5 
i46i(o.7) . 

1 

! 

384(7)}  427 

(12) 5  802 
(250)51029 
(92)51158 
(16)51267 

(74) 5  1348 

(13) 5  1429 
(2)5  1445 

(75) }1^66 
!  (2) 

645(6)} 

794(4), 

853(10) 

1108(8) 

1 

435(4)} 

566(6)5 

1  883(10,r) 

943(4)  1 

1 

i 

The  quantitative  composition  of  the  hydrocarbon  mixture  cyclohexane  -  methyl - 
cyclopentane,  formed  as  a  result  of  the  isomerization  of  cyclohexane,  was  determined- 
by  three  methods s  (l)  By  the  experimental  curve  of  -the  relation  between  the  re¬ 
fractive  indices  (at  20*)  and  the  percentage  content  of  cyclohexane  -  methylcyclo- 
pentane  in  the  equilibrium  mixture  [4],  According  to  this  curve,  25^  methylcyclo- 
Ijentane  corresponds  to  a  refractive  index  nS°  1.4208.  (2)  By  the  method  of  cata]y,tic 
dehydrogenation  (Ri/AlsOa)  with  subsequent  removal  of  the  benzene  by  a  standard 
solution  of  S&ja  sulfuric  acid,  the  presence  of  23.5-24^  methylcyclopentane  was 
indicated.  (3)  By  the  intensities  of  the  spectrum  lines  of  the  isomerization 
product;  the  percentage  of  cyclohexane  was  determined  on  the  lines  3^5 ^  1158 >  1267 
and  of  methylcyclopentane  on  the  lines  534,  849,  IO87.  By  investigating  the 
spectrum  it  was  established  that  there  was  24-25^  methylcyclopentane  in  the  mixture 
obtained. 

SUMMARY 

Cyclohexane  when  heated  with  aluminum  chloride  at  77-78®  isomerlzes  to 
methylcyclopentane  to  the  extent  of  24-25^.  Dimethylcyclobutane  is  absent  from 
the  isomerization  products. 
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SYNTHESIS  OF  ACETALS  OF  CHLORACETALDEHYDE 


M.  F.  Shostakovsky  and  F.  P.  Sidelkovskaya 


The  acetals  of  chloracetaldehyde  of  general  formula  CH2Cr"CH(0R)2  are 
a  very  valuable  but  inaccessible  class  of  compounds.  These  compounds  were 
first  described  in  the  works  of  Lieben,  who  obtained  diethylchloracetal  by  the 
chlorination  of  ethyl  alcohol  and  also  by  the  action  of  sodium  ethylate  on 
a,3-dichlorodiethyl  ether  [1],  Subsequently  this  acetal  was  used  by  many  authors 
as  a  starting  material  in  the  synthesis  of  various  compounds.  The  main  direction 
in  the  application  of  diethylchloracetal  is  for  syntheses  based  on  reactions  in 
which  the  chlorine  atom  is  substituted  by  other  groups  X.  Diethylacetals  of 
substituted  aldehydes  are  formed  in  this  way,  and  from  them  by  hydrolysis,  other 
aldehydes:  X— CH2“CH(0R)2  and  X— CH2~CH0.  Physiologically  active  amino-  and 
betaino- aldehydes  [2],  for  example,  and  also  acetals  of  esteraldehydes  [3],  used 
in  the  production  of  synthetic  perfumes,  are  related  to  these. 

Another  use  of  diethylchloracetal  is  in  the  syntheses  of  various  hetero¬ 
cyclic  compounds:  for  example,  pyridine  derivatives  [4],  and  also  2-amino- 
thlazole  [5]  which  comes  into  the  preparation  of  sulphathiazole  and  synthetic 
dyes . 

Besides  diethylchloracetal,  which  has  been  used  in  the  work  indicated, 
altogether  only  a  few  representatives  of  the  acetals  of  chloracetaldehyde  have 
been  described  in  the  literature.  With  the  exception  of  one  paper  [6],  in 
which  dimethylchloracetal  is  described  along  with  the  well  known  diethylchlor¬ 
acetal,  the  remaining  information  is  related  to  the  patent  literature.  Thus, 
chloracetals  of  monoatomic  alcohols  [7]  were  obtained  on  chlorination  of  the 
corresponding  unsubstituted  acetals,  which  were  synthesized  from  acetylene  and 
pentoses,  tetroses  or  trioses.  Chloracetals  of  the  type  indicated  (where  R  is 
an  alkyl  group  of  Ci  to  C5)  were  synthesized  by  the  chlorination  of  paraldehyde 
with  subsequent  treatment  with  alcohol  [8].  In  the  same  patent  dlbenzylchlor- 
acetal,  diphenylethylchloracetal ,  dlallylchloracetal  and  dlcrotylchloracetal 
are  described.  The  yields  of  the  chloraoetals  are  not  given. 

In  recent  years  information  has  appeared  on  the  synthesis  of  chloracetals 
by  the  addition  of  chlorine  to  vinyl  acetate  in  the  presence  of  ethyl  or  methyl 
alcohols; 


CH2=CH-0C0CH3  +  CI2  +  2C2H5OH  — >  CH2C1-CH(0C2H5)2  +  HCl  +  CH3COOH. 


The  reaction  in  all  probability  proceeds  in  the  following  stages: 

a)  CH2=CH-0C0CH3  +  CI2  - ^  CH2C1-CHC1-0C0CH3> 

OCOCH3 

b)  CH2C1-CHC1-0C0CH3  +  C2H5OH  - CH2C1-CH::;^  +  HC1> 

OC2H5 

OCOCH3 

c)  CH2C1“CH<(^  +  C2H5OH  - ►  CH2C1-CH(0C2H5)2  +  CH3COOH. 

OC2H5 


The  proposed  mechanism  is  confirmed  by  experimental  results  from  our 
laboratory.  The  ease  of  replacing  an  a-chlorine  atom  [9,10]  and  also  an  acyl 
group  [11]  by  an  alkoxyl  radical  is  thus  well  known. 
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It  follows  from  the  above  that  dlethylchloracetal  is  the  most  abundant 
representative  of  the  acetal  series.  However,  even  this  compound  has  up  to 
the  present  been  produced' with  great  difficulty.  It  is  usually  prepared 
either  by  the  chlorination  of  ethyl  alcohol  [12]  (l),  or  by  the  chlorination 
of  paraldehyde  with  subsequent  acetalization  [8]  (2),  or  by  the  chlorination 
of  diethyl  acetal  [15]  (5). 

1)  3C2H5OH  +  2CI2  - ^  CH2C1-CH(0C2H5)2  +  H2O  +  3HC1. 

a)CH3CH0  +  CI2  - ►  CH2CI-CHO  +  HCl, 

^  b)  CH2C1~CH0  +  2C2H5OH  - ►  CH2C1-CH(0C2H5)2  +  H2O. 

5)  CH3-CH(0C2H5)2  +  CI2  - ►  CH2C1-CH(0C2H5)2  +  HCl. 


In  view  of  the  fact  that  a  complex  mixture  of  different  mono-  and 
polyhalogen  compounds  is  formed  on  the  chlorination  of  acetal,  alcohol  and 
paraldehyde,  the  separation  of  dlethylchloracetal  in  the  pure  state  is 
rendered  very  difficult.  The  yield  of  chloracetal  in  the  different  papers 
amounted  to  10-25^  of  the  theoretical.  In  some  cases  trichloracetaldehyde 
was  the  main  product  of  the  reaction  in  the  chlorination  of  diethylacetalj 
it  was,  moreover,  not  possible  to  Isolate  dlethylchloracetal.  Lieben  [1], 
Paterno  and  Mazzara  [l4]  obtained  dlethylchloracetal  by  heating  a,3-.dlchloro- 
dlethyl  ether  with  alcohol  or  sodium  ethylate j  however,  the  yield  of  the 
reaction  product  is  not  given  in  any  of  the  papers. 

A  method  of  preparing  acetals  of  chloracetaldehyde  by  the  addition  of 
chlorine  to  vinyl  alkyl  ethers  was  worked  out  by  these  investigators.  In 
one  of  the  previous  communications  [9]  it  was  shown  that  by  the  action  of 
chlorine  on  vinyl  alkyl  ethers  in  the  presence  of  water,  acetals  of  chlor¬ 
acetaldehyde  are  formed  in  yields  which  differ  according  to  the  quantity  of 
water  added.  Vfiien  the  quantity  of  water  is  increased,  the  yield  of  chloracetal 
increases  sharply.  The  influence  of  the  amount  of  water  on  the  yield  of 
chloracetal  is  shown  in  the  table, 

Table^) 


Yield  of  reaction  products  of  the  action  of  chlorine  on  vinyl  butyl  ether  in  the 
_ _ _ _ _ presence  of  water  _ 


Quantity  of  water 
by  weight  of 
the  original  vinyl 
butyl  ether) 

Yield  of  reaction  products  of  theoretical)  1 

Total 

yield 

w 

1 

|:h2C1-chci-oc4H9 

1 

CH2C1-CH(0C4H9)2 

CH3C00C4H^ 

1  1 

10 

1  45 

9.8  .  i 

i 

:3A 

58.2 

20 

1  13 

38 

'  2.5 

1  52.5 

100 

1  -- 

60 

1  2.5 

1  62.5 

The  following  scheme  [9]  was  proposed  in  order  to  explain  the  mechanism  of 
the  formation  of  chloracetals  from  vinyl  ethers  and  chlorine  in  the  presence  of 
water : 

(I)  CH2=CH-0R  +  CI2  - CH2C1--CHC1-0R. 

(II)  CH2CI-CHCI-OR  +  H2O  - ►  CH2CI-CHO  +  ROH  +  HCl, 

(III) CH2C1-K:HC1-0R  +  ROH  ►  CH2C1-CH(0R)2  +  hci 

or 

CH2CI-CHO  +  2R0H  - ^  CH2C1-CH(QR)2  +  H2O. 


The  addition  of  chlorine  to  the  simple  vinyl  ethers  (I)  seems  to  be  the  first 
sta^  of  the  reaction;  the  a, 3-dichlorethylalkyl  ether  formed  is  easily  hydrolyzed 
The  table  consists  of  experimental  results  published  in  an  earlier  communication. 
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“by  water  with  the  formation  of  chloracetaldehyde  and  the  alcohol  (ll).  The 
latter  reacts  with  the  unreacted  a,3-dichlorethylalkyl  ether  or  the  chlor¬ 
acetaldehyde,  with  the  result  that  acetals  of  chloracetaldehyde  (III)  are 
formed.  The  increase  in  yield  of  chloracetal  with  increase  in  the  amount  of 
water  taken  into  the  reaction  indicates  that  hydrolysis  precedes  the  formation 
of  the  chloracetal.  Hydrolysis,  as  is  known,  proceeds  most  completely  only  in 
the  presence  of  large  quantities  of  water.  The  formation  of  an  alkyl  acetate 
in  this  reaction  is,  in  our  opinion,  a  consequence  of  the  partial  hydrolysis  of 
the  original  vinyl  ether; 

CH2=CH-0R  +  H2O  - CH3CHO  +  ROH. 

The  acetaldehyde  formed  is  easily  oxidized  by  chlorine  to  acetic  acid  which  also 
gives  rise  to  an  ester: 

CH3CHO  +  CI2  +  H2O  - >“  CH3COOH  +  2HC1, 

CH3-COOH  +  ROH  - >■  CH3COOR  +  H2O, 

The  yield  of  butyl  acetate  varied  within  the  limits  2.5  “  5*5^  indepen¬ 
dently  of  the  quantity  of  water  in  the  system.  This  confirms  our  hypothesis 
that  direct  hydrolysis  of  the  vinyl  ether  is  only  a  side  reaction  which  proceeds 
to  a  slight  extent  and  is  not  the  fundamental  primary  reaction  which  is  necessary 
for  the  formation  of  chloracetals  (through  unsubstituted  acetals  and  subsequent 
chlorination) , 

Although  the  addition  of  chlorine  to  vinyl  ethers  in  the  presence  of  water 
with  the  formation  of  acetals  proceeds  fairly  smoothly  and  can  be  used  as  a 
method  for  their  preparation,  this  method  nevertheless  has  a  number  of  drawbacks. 
The  most  substantial  one  is  the  excessive  consumption  of  vinyl  ether,  because 
half  of  it  is  used  in  the  unproductive  process  of  hydrolysis,  which  is  a  source 
of  the  necessary  alcohol  (see  equation).  To  eliminate  this  drawback  it  seemed 
expedient  to  Introduce  the  alcohol  into  the  chlorinated  vinyl  ether. 

In  the  present  research  a  method  was  worked  out  for  preparing  acetals  of 
chloracetaldehyde  by  passing  chlorine  into  a  mixture  of  the  vinyl  ether  and 
alcohol.  By  the  chlorination  of  vinyl  ethers  in  the  presence  of  similar  alcohols, 
diethyl-,  dlbutyl-  and  diisoamyl-chloracetals  were  obtained. 

In  these  experiments,  alcohols  and  vinyl  ethers  were  used  with  a  similar 
radical  to  avoid  the  secondary  disproportionation  reaction,  which,  as  is  known 
from  the  work  of  Shostakovsky  and  Gershtein [15,16,17],  is  widely  distributed  in 
a  number  of  unsubstituted  acetals; 


CH3-CH<^ 


ORi 


ORi 


OR  OR 

CH3-CH<^  - ►  CH3-CH<' 

ORi  OR 


Assuming  that  the  mechanism  of  this  reaction  is  included  in  the  decomposition 
of  acetals  into  vinyl  ethers  and  alcohols  with  their  subsequent  combination  in 
another  way,  the  authors  [I7]  showed  that  the  formation  of  symmetrical  acetals  can 
be  completely  displaced  in  the  direction  A  or  B  by  an  excess  of  one  of  the  alcohols; 


ORi 


CH2=CI^0R  +  RiOH 


CH3-CH 


OR 


CH2=CH-0Ri  +  ROH 


CH3-CH<:^ 


OR 

OR 


CH3-CH<^ 


ORi 

ORi 


Being  guided  by  these  ideas,  we  carried  out  the  reaction  of  the  addition  of 
chlorine  to  vinyl  ethyl  ether  in  a  butyl  alcohol  medium.  The  reaction  may  be 
represented  in  the  following  way; 


k 
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-a)  CH2=Cff-0C2H5  +  CI2  - CH2C1--CHC1-0C2H5J 

b)  CH2C1-CHC1-CX:2H5  +  2C4HeOH  - ^  CH2C1-CH(0C4H9)2  +  HCl  +  C2H5OH . 

In  this  case  we  actually  succeeded  in  obtaining  dibutylchloracetal  in  50^ 
yield  calculated  on  the  vinylethyl  ether.  From  this  experiment  it  is  at 
present  impossible  to  draw  the  conclusion  that  on  chlorination  of  the  vinyl 
ether  and  alcohol  in  any  proportions  it  is  possible  to  obtain  the  corresponding 
chloracetal,  because  the  disproportionation  reaction  is  a  complex  process,  and 
it  proceeds  according  to  definite  rules. In  the  experiment  described,  that 
proportion  of  radicals  was  selected,  for  which,  as  we  knew,  the  disproportiona¬ 
tion  occurs  most  easily  [I5].  The  results  obtained,  however,  still  indicate  the 
possibility  of  synthesizing  chloracetals  with  a  wider  choice  of  radicals  compared 
with  those  obtained  in  the  presence  of  vinyl  ethers. 

Thus,  the  addition  of  chlorine  to  vinyl  ethers  in  the  presence  of  alcohols 
or  water  may  be  a  convenient  method  of  synthesis  for  the  acetals  of  chloracetal- 
dehyde. 

We  also  worked  out  a  method  for  preparing  chloracetals  by  the  direct  treat¬ 
ment  of  a, 3-dichlorethylalkyl  ethers  with  alcohols  or  alcoholic  solutions  of 
alkali: 

CH2CI-CHCI-OR  +  ROH  - -  CH2C1-CH(0R)2  +  HClj 

CH2CI-CHCI-OR  +  ROH  +  KOH  - ►  CH2C1-CH(0R)2  +  H2O  +  KCl. 

As  noted  earlier,  both  reactions  proceed  extremely  easily  and  smoothly. 

This  method  enables  not  only  symmetrical  but  also  mixed  chloracetals  to  be 
synthesized,  and  this  was  confirmed  by  us  [19]  by  the  reaction  of  a,3-dichlor- 
ethylbutyl  ether  with  caustic  potash  in  heptyl  alcohol: 

OC4H9 

CH2CI-CHCI-OC4H9  +  CyHisOH  +  KOH  - ►  CH2C1-CH<^  +  KCl  +  H2O. 

^OCyHis 

Symmetrical  diheptylchloracetal  CH2C1”CH(0CyHi5)2  is  also  formed  as  a 
secondary  product.  Its  formation  may  be  explained  by  the  disproportionation 
of  the  radicals  of  the  mixed  butyl-heptylchloracetal. 

It  should  be  noted  that  the  action  of  a, 3-dlchlorethylalkyl  ethers  on 
alcohols  and  alcoholates  is  still  the  only  method  of  preparing  mixed  chlor¬ 
acetals.  All  the  other  methods  described  in  the  literature  and  not  based  on 
this  reaction  lead  to  the  synthesis  of  symmetrical  chloracetals. 

EXPERIMENTAL 

1.  The  reaction  between  ajP-dlchlorethylme_thyl  ether  and  methyl  alcohol . 

9*5  S  (0*3  mole)  methyl  alcohol  were  added  with  vigorous  stirring  to  26  g 
(0.2  mole)  dlchlorethylmethyl  ether.  A  rise  in  temperature  from  18  to  30*  was 
observed.  The  reaction  mixture  was  left  overnight.  The  hydrogen  chloride 
liberated  was  removed  by  passing  dry  air  through  the  system.  After  the  first 
fractionation  22, k  g  dimethylchloracetal,  b.p.  131-13^“  (753  mm)  were  separated. 
Yield  90^  of  the  theoretical.  After  a  second  distillation  the  dimethylchloracetal 
possessed  the  following  constants: 

b.p.  133-13^*  (753  mm);  ng°  1.4157;  df®  1.0990;  MRp  28.29;  calculated  28.85. 
Results  given  in  literature:  b.p.  124.5-126.5*;  ng°  1.4150;  d4°  1.094  [6]. 

1)  See  the  experimental  results  of  Shostakovsky  and  Gershtein  [I5]. 
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0.1520  g  substance)  18.5O  g  benzene:  At  0o297*.  0.1^4-20  g  substance) 

18.35  g  benzene:  At  0.322®.  Found:  M  125.4,  123.  C4H9O2CI.  Calculated: 

M  124.5. 

2.  The  reaction  between  a, P-dlchlorodiethyl ether  and  ethyl  alcohol. 

20  g  95^  ethyl  alcohol  ^.3  mole)  were  added  with  vigorous  stirring  to  28  g 
(0.2  mole)  dichlorodiethyl ether .  The  reaction  mixture  was  observed  to  warm 
up  (rise  of  temperature  to  33“)"  The  reaction  mixture  was  left  overnight. 

The  hydrogen  chloride  liberated  was  removed  by  passing  dry  air  through  the 
system.  After  drying  with  potash  and  fractionating,  24.2  g  diethylchlor- 
acetal,  b.p.  70-72“  (35  mm)  were  separated.  Yield  79*8^  of  the  theory. 

After  repeated  fractionation  the  diethylchloracetal  possessed  the  following 
constants : 

b.p.  71-72®  (35  mm))  ng°  1.4175)  df®  1,0172)  MRj)  37. 6O)  calculated  38. 06. 

Results  given  in  literature:  b.p.  53-5^“  (18  mm))  np°  1.4171;  df®  1.017  [6]. 

0.1125  g  substance)  17. 05  g  benzene:  At  0.223®.  0.1325  g  substance)  18.OO 
g  benzene:  At  O.250®.  Found:  M  151.3,  150.6.  CsHiaOsCl.  Calculated:  M  I52.56. 

3.  The  reaction  between  a, P-dichlorethylisopropyl  ether _and  isopi^py^ 
alcohol.  6  g  (0.1  mole)  isopropyl  alcohol  (b.p.  81-82®)  were  added  to  10  g 
(0.07  mole)  dichlorethyl isopropyl  ether.  At  the  same  time  a  rise  in  temperature 
from  15  to  30®  was  observed.  The  reaction  mixture  was  left  overnight.  The 
hydrogen  chloride  liberated  was  removed  by  the  passage  of  dry  air.  After  a 
double  fractionation,  8  g  diisopropyl chloracetal  of  b.p.  58-6O®  (I6  mm)  were 
isolated.  Yield  70^  of  the  theoretical.  After  an  additional  fractionation 

the  diisopropylchloracetal  possessed  the  following  constants: 

b.p,  57“  (l4  mm))  ng®  1.4283)  df®  0,9869)  MRd  47,10)  calculated  47.47. 

17.261  mg  substance:  13.630  mg  AgCl.  14.939  mg  substance:  II.709  mg 
AgCl.  0.0951  g  substance)  I6.7O  g  benzene:  At  0.l63“.  0.l4l8  g  substance) 

16.70  g  benzene:  At  0.247“.  Found  Cl  19.53,  19»395  M  I78.6,  I76.O. 

CsHiyOsCI.  Calculated  Cl  19-635  M  I8O.58. 

4.  The  reaction  between  a, P-dichlorethylbutyl  ether  and  butyl  alcohol.  I5  g 
(0.2  mole)  butyl  alcohol  (b.p.  110^118^  were  added  with  vigorous  stirring  to 

18  g  (0.1  mole)  dichlorethylbutyl  ether.  At  the  same  time  a  rise  in  temperature 
from  20  to  35“  was  observed.  The  reaction  mixture  was  left  overnight.  The 
hydrogen  chloride  formed  in  the  system  was  eliminated  by  passage  of  dry  air.  After 
the  first  fractionation,  20  g  dibutylchloracetal  of  b.p,  101-103“  (10  mm)  were 
separated.  Yield  91^  of  the  theoretical. 

5.  The  reaction  between  P-dichlqrethyli^oamyl^  ether  and  isoamyl  alcohol. 

13  g  (0.15  mole)  isoamyi  alcohol  (b.p.  130-130.5“)  were  added  to  18.5  g  (0.1 
mole)  dichlorethylisoamyl  ether.  A  negligible  heating  effect  was  observed.  The 
temperature  rose  from  17  to  25®.  The  reaction  mixture  was  left  overnight.  The 
hydrogen  chloride  liberated  was  separated  by  passage  of  dry  air.  After  three 
fractionations  l8,l  g  diisoamylchloracetal  of  b„p.  128-129“  (18  mm)  were 
separated.  Yield  79,8^)  d|°  0,9385)  ng°  1.4305. 

6.  The  reaction  between  a, 3-dichloreth.Ylbut.yl  ether  and  sodium  alkoxlde. 

2.5  g  of  metallic  sodium  were  added  to  25  g  butyl  alcohol.  17  g  a, 3-dlchlor- 

ethylbutyl  ether  were  added  dropwise  with  constant  shaking  to  the  resulting 
alcoholic  solution  of  alkoxide.  A  rise  of  temperature  from  30  to  62®  and  the 
formation  of  a  white  crystalline  precipitate  of  sodium  chloride  were  observed. 
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The  reaction  mixture  was  left  overnight.  The  precipitate  was  filtered  off  and 
treated  several  times  with  ether.  The  weight  of  the  precipitate  was  5*8  g 
(theoretically  5.85  g) .  The  ether  extracts  were  added  to  the  main  filtrate 
and  fractionated.  Thus  1^  g  butyl  alcohol  (excess  from  the  reaction)  and  l8.2 
g  dibutylchloracetal  (b.p.  124-125*  (26  mm)}  n§°  1.4320  were  separated.  Yield 
90.2^  of  the  theoretical. 


7.  The  reaction  between  a,  3-hichlorethylbutyl  ^her  and  caustic  potash  in 


A  solution  of  6  g  caustic  potash  (0.1  mole)  in  22  g  butyl  alcohol  (0.3  mole) 
was  added  in  small  portions  to  17-3  g  dichlorethylbutyl  ether  (0.1  mole).  The 
instantaneous  formation  of  a  crystalline  precipitate  of  potassium  chloride  and 
a  rise  of  temperature  to  85*  were  observed.  The  reaction  mixture  was  left  over¬ 
night.  The  precipitate  formed  was  filtered  off  and  extracted  with  ether.  The 
weight  of  the  crystalline  precipitate  was  6  g  (theoretically  5*8  g) •  The  ether 
extracts  were  added  to  the  main  filtrate,  dried  with  potash  and  fractionated. 
After  distilling  off  the  ether,  18  g  dibutylchloracetal  of  b.p.  95-94*  (7  mm)} 
n5°  1.4320  were  obtained.  Yield  90^t  of  the  theoretical. 


8.  The  addition  of  chlorine  to  vinylethyl  ether  in  the  presence  of  ethyl 
alcohol .  Chlorine  was  passed  with  vigorous  stirring  into  a  mixture  of  36  g 
(0.5  mole)  vinylethyl  ether  and  35  g  (0*75  mole)  absolute  ethyl  alcohol  cooled 
to  0*.  A  sharp  rise  of  temperature  (to  40*)  was  observed.  By  decreasing  the 
rate  of  flow  of  chlorine  the  temperature  of  the  reaction  mixture  was  kept  within 
the  limits  25-30* .  After  4o  minutes  the  rate  of  supply  of  chlorine  was  increased, 
and  after  two  hours  from  the  beginning  of  the  reaction  evolution  of  heat  from 
the  chlorinated  mixture  ceased.  The  liquid  was  a  greenish  yellow  color.  Increase 
in  weight  35*5  g*  The  reaction  mixture  was  washed  yith  water,  neutralized  with 
soda,  and  then  again  washed  with  water,  dried  with  potash  and  distilled.  The 

following  fractions  were  thus  obtained;  I  60-l40*,  6.5  g}  II  l40-l60*,  42  g} 

III  16O-I65*,  11  g:  in  the  residue  3*3  g  of  tar.  From  fractions  II  and  III 
after  a  double  fractionation  39*8  g  diethylchloracetal,  b.p.  156-158*}  n§° 

1.4170,  were  separated.  Yield  51-9^  of  the  theoretical. 


9.  The  addition  of  chlorine  to  vinylbutyl  ether  in  the  presence  of  butyl 
alcohol.  Chlorine  was  passed  through  a  mixture  of  50  g  (0.5  mole)  vinylbutyl 
ether  and  44  g  (0.6  mole)  butyl  alcohol  (dried  by  boiling  with  copper  sulfate) 
in  the  conditions  of  the  previous  experiment.  By  means  of  an  external  freezing 
mixture  of  ice  and  salt  (-12*)  the  temperature  of  the  reaction  mixture  was  kept 
at  20-26*.  After  two  hours  the  increase  in  weight  was  32  g.  After  washing  with 
water  and  neutralizing  with  soda  the  reaction  mixture  was  dried  with  potash  and 
distilled.  In  this  way  the  following  fractions  were  separated;  I  40-110*  (at 
atmospheric  pressure),  6  g}  II  IIO-I3O*  (at  atmospheric  pressure),  7  g;  HI 
40-94*  (11  mm),  3  g}  IV  92-120*  (11  mm),  76  g}  tarry  residue  3-6  g. 

From  fractions  I,  II  and  III  7  g  butyl  alcohol  (b.p,  II6-II7*}  n^°  1.5990)  and 
5  g  of  a  substance  boiling  at  70-115*  1.4050),  which  was  probably  vinylbutyl 

ether,  were  separated.  From  fraction  IV  5  g  of  a  substance  boiling  at  70-82*  (8  mm)} 
n^°  1.4l6o  and  64  g  dibutylchloracetal  (b.p.  Il4-ll6*,  17  mm)}  n§°  1,4350  were 
separated.  Yield  61.5^  of  the  theoretical. 

The  above  substance  which  boils  at  70-82*  (8  mm)  was  probably  impure  unsubsti¬ 
tuted  dibutylacetal.  On  distilling  this  substance  at  atmospheric  pressure  a  wide 
fraction  of  b.p.  II6-I60*  and  a  resin  were  obtained.  This  fraction  was  not  studied 
further. 


10,  The  addition  of  chlorine  to  vinyl i soamyl  ether  in  the  presence  of  isoamyl 
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alcohol.  A  current  of  chlorine  was  passed  Into  a  mixture  of  55  g  (O.25  mole) 
vinylisoamyl  ether  and  55  g  (O.58  mole)  isoamyl  alcohol  (dried  with  anhydrous 
copper  sulfate)  in  the  conditions  described  above.  After  5  hours  the  increase  in 
weight  was  16  g.  After  washing  with  water  and  neutralizing  with  soda  the  reaction 
mixture  was  dried  with  potash  and  distilled.  In  this  way  the  following  fractions 
were  obtained:  I  60-120*  (18  mm),  16  gj  II  120-158*  (I8  mm),  5^  g>  HI  158-145* 
(18  mm),  5  g;  tarry  residue  4.2  g. 

After  a  triple  fractionation  the  following  were  separated:  5*5  g  vinyliso¬ 
amyl  -ether  (b.p.  107-111*5  np°  1.4075) ^  7-6  g  isoamyl  alcohol  (b.p;  128-151“ 5 
np°  1.4o48),  51  g- dlisoamylchloracetal  (b.p.  126-128“  (17  mm)5  n^°  I.4505).  Yield 
of  chloracetal  55-6^  of  the  theoretical. 

11.  The  Addition  of  chlorine  to  vinylethyl  ether  in  the  presence  of  butyl 
alcohol. 

Chlorine  was  passed  into  a  mixture  of  18  g  (0,25  mole)  vinyl  ethyl  ether  and 
57  g  (0.75  mole)  butyl  alcohol  in  the  conditions  described  above.  The  temperature 
of  the  reaction  mixture  was  kept  at  about  15-20*.  After  1  hour  the  increase  in 
weight  was  50  g  (theoretically  55*5  g) •  The  reaction  mixture  was  left  overnight. 

It  was  then  washed  several  times  with  water,  neutralized  with  soda,  dried  with 
potash  and  fractionated.  The  following  fractions  were  obtained  (at  17  mm) : 

I  105-115%  5  g,  ngo  1.45555  II  115-120*,  20  g,  ngo  1.4550;  III  120-150*,  12  g, 
ng°  I.456O5  residue  in  the  flask  5  Sj  ng°  1.4450. 

After  distilling  the  second  fraction  three  times  26  g  dibutyl chloracetal  were 
separated  (yield  50^  of  the  theoretical) : 

B.p.  116-118*  (17  mm) 5  ng°  1.4555;  df®  0.9677. 

SUMMARY 

1,  A  method  for  the  synthesis  of  acetals  of  chloracetaldehyde  by  treating 
a,3-dichlorethylalkyl  ethers  with  alcohols  or  alcoholates  was  worked  out.  Yield  up 
to  90^  of  the  theoretical.  This  method  enables  both  symmetrical  and  mixed  chlora- 
cetals  to  be  synthesized. 

2,  It  was  shown  that  on  the  addition  of  chlorine  to  vinyl  ethers  in  the  pres¬ 
ence  of  the  analogous  alcohols  the  corresponding  acetals  of  chloracetaldehyde  are 
formed. 

5.  On  the  addition  of  chlorine  to  vinylethyl  ether  in  the  presence  of  excess 
of  butyl  alcohol,  dibutylchloracetal  was  obtained  in  50^  yield. 

4.  A  mechanism  for  these  reactions  was  suggested. 
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AROMATIC  COMPOUNDS  WITH  A  MUSK  ODOR 
2,6-DINITR0-4-TERT. -AMyL^3-METHOXYTOLUENE 
B.  M.  Dubinin 


All  the  aromatic  compounds  with  a  musk  odor  which  have  found  extensive  applica¬ 
tion  in  perfumery,  such  as  toluene  musk  (l),  xylene  musk  (II),  ketone  musk  (III)  and 
musk  ambrette  (IV),  contain  a  tertiary  butyl  group  in  the  benzene  ring. 

The  possibility  of  replacing  the  tertiary  butyl  group  by  another  group  con¬ 
taining  a  tertiary  carbon  atom  without  causing  a  change  in  the  quality  of  the  odor 
has  not  received  sufficient  treatment  in  the  literature. 

R.  Capeller  [1]  showed  that  an  isomer  of  toluene  musk  containing  an  isobutyl 
group  has  a  very  weak  musk  odor.  Substitution  of  the  tertiary  butyl  group  by  a 
normal  butyl  group  leads  to  a  substance  devoid  of  odor  .  The  results  of  this  work 
indicate  the  importance  of  the  branching  of  the  side  chain  in  a  compound  of  musk 
odor.  It  is  also  known  [2],  that  m-tert . -amyltoluene  on  nitration  gives  two  iso¬ 
meric  mononitro-derlvatives .  Both  substances  are  pale  yellow  oils  with  a  strong 
but  not  persistent  odor.  M,  Dyson  [3]  in  a  survey  of  artificial  musks  shows  that 
on  nitration  of  tertiary  amyl  toluene  a  compound  is  fonned  which  has  an  intense 
musk  odor  which  is  mixed  with  another  unpleasant  odor.  Dyson  makes  the  reservation 
that  the  structure  of  the  compound  obtained  is  not  indicated^  he  does  not  give  any 
references  to  the  work. 

The  work  of  M.  Bottegay  and  M.  Kapeller  is  devoted  to  the  question  of  the  in¬ 
fluence  of  the  tertiary  carbon  atom  on  the  odor  of  artificial  musks.  For  this 
purpose  the  authors  prepared  triethylmethyl-m-xylene  and  triphenylmethyl-m-xylene, 
but  on  nitrating  the  compounds  obtained,  they  did  not  succeed  in  separating  the 
individual  nitration  products. 

The  work  of  the  above  authors  is  not  of  great  significance,  because  they  did 
not  succeed  in  obtaining  the  analog  of  toluene  musk  -  trinitroamyltoluene  and  ana¬ 
logs  of  xylene  musk  -  trinitrotrlethylmethylxylene . 

In  order  to  find  an  explanation  for  this  problem,  which  was  interesting  to  us, 
we  decided  in  the  first  place  to  synthesize  4-tert . -amyl-3-methoxytoluene,  and  by 
nitration  to  prepare  the  2,6-dlnitro  derivative  (V),  which  is  distinguished  from 
musk  ambrette  by  the  presence  of  a  tertiary  amyl  group  instead  of  a  tertiary  butyl. 
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The  starting  material  for  our  work  was  3-niethoxytoluene.  By  treating  it  with 
Isoamylene  in  the  presence  of  aluminum  chloride,  we  obtained  tert.-amylmethoxytol- 
uene  (Vl) .  This  compound  on  careful  nitration  gave,  along  with  other  side  products, 
dinltro-tert . -amylmethoxytoluene  (V).  This  substance,  which  is  a  homolog  of  musk 
ambrette,  has  a  strong  musk  odor  with  an  unpleasant  effect  reminiscent  of  the 
smell  of  quinone. 
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We  ascribe  the  above  formulas  —  (VI)  for  amylmethoxytoluene  and  (V)  for 
dinitroamylmethoxytoluene  —  to  these  compounds  on  account  of  the  complete  analogy 
of  the  behavior  of  4-amyl-5-methoxytoluene  (VI)  with  4-tert.-butyl-3-methoxy- 
toluene  [5],  which  is  fomed  on  the  nitration  of  musk  ambrette,  for  which  the 
structure  corresponding  to  formula  (IV)  is  indicated. 


On  nitration,  amylmethoxytoluene  colors  the  solution  dark  blue  as  a  result  of 
partial  conversion  to  the  oxonium  nitrate  (VII) .  On  pouring  the  reaction  mixture 
into  water,  a  yellow  oil  with  a  sharp  odor  of  quinone  is  easily  distilled  off  with 
steam  from  the  oil  which  separates,  and  crystallizes  in  the  receiver.  Judging 
from  the  analysis  and  all  its  properties,  this  substance  is  actually  amyltolu- 
quinone,  (VIII) .  The  quinone  obtained  is  converted  to  the  corresponding  hydro- 
quinone  (IX)  on  reduction.  On  dissolving  the  latter  in  alcohol  together  with  1 
molecular  proportion  of  amyltoluquinone,  dark  colored  crystals  of  the  quinhydrone 
(X)  are  formed.  We  succeeded  in  separating  the  oxonium  salt  formed  on  nitration 
of  amylmethoxytoluene  (VI)  as  a  stable  perchlorate  (XI)  in  good  yield.  The  pure 
perchlorate  is  quickly  converted  on  heating  with  dilute  acid  into  an  amyltolu¬ 
quinone  identical  with  the  quinone  (VIII) .  The  formation  of  an  oxonium  salt  on 
nitration  of  amylmethoxytoluene  excludes  the  possibility  of  the  tertiary  amyl 
group  being  in  position  6,  because  K.  Meyer  [6]  showed  that  the  formation  of 
oxonium  salts  is  possible  only  in  those  phenolic  ethers  in  which  the  para  position 
to  the  phenolic  hydroxyl  is  free. 

The  reaction  mixture  crystallizes  after  distilling  the  quinone  in  steam.  On 
recrystallizing  from  alcohol  we  obtained,  in  addition  to  the  musk  (V),  a  dinitro- 
derivative  of  m.p.  101®,  identical  with  4,6-dinitro-3-methoxytoluene  (XII).  Thus, 
easy  replacement  of  the  tertiary  amyl  group  by  a  nitro  group  takes  place  here. 

The  fact  of  the  simultaneous  formation  of  dinitromethoxytoluene  (XII)  and  musk  (V) 
points  to  the  conclusion  that  there  cannot  be  a  tertiary  eimyl  group  in  position  25 
it  is  formed  in  position  k,  where  it  is  also  partly  substituted  by  a  nitro  group  on 
nitration. 


On  nitrating  compound  (Vl)  with  aqueous  nitric  acid  the  mononitrocompound 
(XIIl)  is  obtained,  which  gives  two  substances  (V)  and  (XIl)  simultaneously  on 
further  nitration.  In  view  of  this  reaction,  the  mononitrocompound  obtained 
can  only  be  given  the  structure  6-nitro-4-aniyl-3-niethoxytoluene,  represented 
by  formula  (XIIl),  and  not  2-nitro-4-amyl-5-methoxytoluene. 

The  formation  of  all  the  above  mentioned  by-products  on  nitration  confirms 
the  truth  of  the  formula  (V)  suggested  by  us  for  a  substance  with  a  musk  odor. 

EXPERIMENTAL 

5- Methox.Y-4-tert .  -amyltoluene .  35  g  isoamylene  were  added  during  45 

minutes  to  a  mixture  of  70  g  methoxytoluene  and  8  g  euihydrous  aluminum  chloride. 

It  was  cooled  in  ice  water.  After  standing  for  24  hours  in  ice  water  the  cherry- 
red  solution  was  treated  with  a  mixture  of  hydrochloric  acid  and  ice.  The 
reaction  product  was  extracted  with  ether.  After  two  distillations  in  vacuo 
with  a  fractionating  column  at  13  mm  the  following  fractions  were  collected: 

l.  69-74*,  19.5  gj  2.  74-117%  4.0  g;  3-  117-119%  57-0  g;  4.  119-138%  l4  g. 

The  third  fraction  solidified  on  cooling  in  ice  water.  The  crystals  were 
filtered  off  in  the  cold  and  melted  at  I5*  with  a  thennometer  immersed  in  them. 

The  fourth  fraction  on  cooling  separated  a  few  more  crystals  of  the  same  substance. 

df°  0.9352J  n|o  1,5066. 

0.1272  g  substance:  0.3791  g  CO2J  O.II85  g  H2O.  Found  C  8l.27j  H  10.42. 
C13H20O.  Calculated  C  8l.20)  H  10.48. 

2 , 6-Dinitro-3-methoxy-4-tert  -amyltoluene .  35*8  g  nitric  acid  (Sp.gr.  I.51) 

were  added  during  one  hour  with  stirring  to  a  solution  of  19*2  g  methoxyamyl- 
toluene  in  45  g  acetic  anhydride  cooled  to  -10* .  The  temperature  was  then 
raised  to  -*-5**  during  3  hours.  The  reaction  mixture  was  poured  on  to  snow  and 
the  reaction  products  were  extracted  with  ether.  After  distilling  off  the  ether 
on  the  water  bath,  the  residue  was  treated  with  live  steam.  A  substance  distilled 
with  a  sharp  odor  of  quinone.  The  oil  which  remained  in  the  flask  solidified 
almost  completely  on  cooling.  On  crystallization  from  absolute  alcohol  two  sorts 
of  crystals  were  obtained;  1)  thick  yellowish  plates,  melting  after  purification 
at  42*  and  having  a  strong  odor  of  musk,  and  2)  fine  yellow  needles  without  odor, 
melting  at  101*  after  recrystallization.  A  sample  of  the  latter  substance  mixed 
with  a  specimen  of  4,6-dinitro-3-methoxytoluene  gave  no  depression. 

The  substance  with  the  musk  odor  was  very  soluble  in  ether  and  benzene,  and 
more  difficultly  in  alcohol. 

7.745  mg  substance;  O.652  ml  N2  {l6“,  743.7  mm) j  8.039  mg  substance:  O.676 
ml  N2  (17%  7^3.2  mm).  Found  N  9.73,  9.68.  C13H18O5N2.  Calculated  N  9.93. 

6- Nitro-3-methoxy-4-tert . -amyltoluene .  A  solution  of  5  g  methoxyamyltoluene 
in  20  ml  benzene  was  added  with  stirring  to  nitric  acid  (^,gr.  1.4)  cooled  to  ^-2*. 
The  benzene  solution  was  separated  and  the  benzene  was  distilled  off  on  the  water 
bath.  A  crystalline  quinone  was  distilled  from  the  residue  with  steam.  The 
crystalline  residue  was  recrystallized  from  alcohol.  Yellow  needles  were  obtained, 

m. p.  48*. 

4.832  mg  substance:  O.255  ml  N2  (17*,  7^2.7  mm) j  12.790  mg  substance 5  O.652  ml 
N2  (17*,  7^2.3  mm).  Found  N  6.07,  5.88.  C13H19O3N.  Calculated  N  5.91. 

Tert , -HJnyltoluqulnone .  A  yellow  crystalline  substance  easily  volatile  in 
steam,  formed  in  the  nitration  of  4-amyl-3-methoxytoluene,  was  recrystallized 
from  alcohol  a  few  times.  Thin  yellow  needles  were  obtained,  which  darkened  on 
exposure  to  light,  with  a  sharp  odor  of  quinone.  M.p.  57*. 
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0.1226  g  substance:  0.5361  g  CO2}  0.0932  g  H2O.  Found  C  7^.77?  H  8.5I. 
C12H16O2.  Calculated  C  75-OOj  H  8.53. 

Nitration  of  6-nltro-3-methoxy-^-tert.-amyltoluene.  6  g  nitric  acid 
C Sp .  gr .  1 . 5]}were  added  dropwlse  to  a  solution  of  1.0  g  of  the  mononltrocompound 
In  25  ml  acetic  anhydride.  The  pale  yellow  reaction  liquid  was  poured  Into 
water  and  the  oil  which  separated  was  extracted  with  benzene.  The  benzene  was 
distilled  off,  and  the  residue  which  was  a  yellow  oil  was  treated  with  10  ml 
petroleum  ether.  The  oil  quickly  dissolved,  but  Immediately  there  began  to 
separate  fine,  almost  colorless  needles  of  m.p.  101®.  The  substance  does  not 
increase  Its  melting  point  on  further  purification  and  gives  no  depression  when 
mixed  with  a  sample  of  4,6-dlnltro-3-niethoxytoluene. 

The  petroleum  ether  was  distilled  from  the  filtrate  after  separation  of  the 
dlnltromethoxytoluene .  The  residue  was  dissolved  In  alcohol,  and  after  standing 
for  two  days  In  the  cold,  beautifully  formed  thick  plates  melting  at  4l-42" 
separated.  The  substance  smells  strongly  of  musk  and  gives  no  depression  when 
mixed  with  a  sample  of  2,6-dlnltro-3-niethoxy-4-tert .-amyltoluene. 

Tert . -amyltoluhydroqulnone .  A  solution  of  0.8  g  phenylhydrazlne  In  5  nil 
benzene  was  added  to  a  solution  of  O.25  g  amyltoluqulnone  In  5  ml  benzene.  The 
reaction  liquid  at  once  darkened  and  after  a  minute  copious  evolution  of  nitrogen 
commenced.  After  being  slightly  heated  on  the  water  bath,  the  solution  was  washed 
a  few  times  with  10^  hydrochloric  acid  and  then  with  soda  solution.  The  residue 
obtained  after  distilling  off  the  benzene  was  recrystalllzed  from  a  small  quantity 
of  chloroform,  0.1  g  of  slightly  pinkish  leaflets  of  m.p.  90*  was  obtained. 

4.225  mg  substance:  11,492  mg  CO25  3*562  mg  H2O.  Found  C  7^.03j  H  9.'^0. 
C12H18O2.  Calculated  C  7^.26;  H  9-28. 

Qulnhydrone.  0.08  g  of  the  resulting  hydroqulnone  and  0,08  g  amyltolu¬ 
qulnone  were  dissolved  In  a  small  quantity  of  chloroform.  On  slow  evaporation 
of  the  chloroform,  flaky  hard  dark-colored  needles  melting  at  66“  crystallized. 

On  triturating  the  dry  qulnone  and  hydroqulnone  a  blue  colored  powder  was  obtained. 

Qulnoid  perchlorate  of  2,2*-dlmethyl-5,5*-dltert . -amyl-4,4*-dlmethoxydlphenyl- 
^JrdroxyI^ine^N^oxi^T  The  nitrate  of  the  above  compound  Is  formed  during  various 
methods  of  nitration  of  5-methoxy-4-amyltoluenej  It  was,  however,  only  possible  to 
separate  this  compound  as  the  comparatively  stable  perchlorate. 

A  solution  of  5  ml  HNO3 (Sp.gEl.4)  In  I5  ml  glacial  acetic  acid  was  added  In 
portions  every  10-15  minutes  to  a  solution  of  5  ml  5-methoxy-4-amyltoluene  In  I5  ml 
glacial  acetic  acid.  The  temperature  of  the  reaction  mixture  was  kept  between  20 
and  25“.  150  ml  5^  solution  of  perchloric  acid  were  added  all  at  once  to  the 

resulting  dark  blue  solution  which  was  cooled  to  0“.  The  whole  reaction  mixture 
was  quickly  transferred  to  a  funnel  with  a  glass  filter.  The  upper  aqueous  layer 
was  decanted  from  the  viscous  layer  of  liquid  nitrocompounds  and  the  golden  colored 
crystals  of  perchlorate.  The  mass  on  the  filter  was  treated  5  times  with  petroleum 
ether  with  suction  until  the  nitrocompounds  were  completely  dissolved.  The  crystals 
on  the  filter  were  dissolved  In  a  small  quantity  of  acetone,  the  solution  was 
filtered,  and  the  perchlorate  precipitated  by  the  addition  of  petroleum  ether.  After 
a  second  similar  purification  1.4  g  of  dark  plates  with  a  golden  coppery  luster  was 
obtained,  melting  at  93-94“  with  the  formation  of  a  dark  blue  liquid.  Solutions  of 
the  substance  In  alcohol  or  acetone  quickly  decompose  on  standing. 


12.050  mg  substance:  0.272  ml  N2  (17* >  731.6  mm).  Found  N  2.56. 
C26H380TRCi.-2H20,  Calculated  N  2.76. 


Cleavage  of  the  oxonium  salt^  0.3  g  of  the  pure  perchlorate  was  boiled 
for  half  an  hour  with  25  ml  2^  sulfuric  acid.  On  distilling  in  steam  a 
yellow  crystalline  substance  with  a  sharp  odor  of  quinone  came  over.  M.p.  57* 
(from  alcohol).  A  sample  mixed  with  amyltoluquinone  gave  no  depression  of  the 
melting  point. 

SUMMARY 


1.  2,6-Dinitro-^-tert . -amyl-3-methoxytoluene,  a  homolog  of  musk  ambrette 
obtained  by  us,  has  a  strong  musk  odor,  but  with  an  unpleasant  after  effect. 

2.  The  structure  of  a  number  of  the  products  obtained  was  proved. 
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(N-ALKYL-N-HYDROXYETHYL) -AMIDES  OF  4(5) -NITRO-l-NAPHTHOIC  ACIDS 
S.  I.  Sergievskaya  and  E.  N.  Petrova 


The  investigation  of  different  methods  of  preparing  monoalky laminoa Iky 1 
esters  of  aromatic  acids  shoved  that  it  was  not  the  esters  of  the  acids  but  their 
(N-alkyl-N-hydroxyalkyl) -amides  [1]  which  were  formed,  by  the  condensation  of 
monoalkylaminoalcohols  with  acid  chlorides  in  aqueous  alkali. 

R  R 

ArCOCl  +  (CH2)nOH  ArCON< 

H  ^(CH2)nOH 

In  addition  it  was  explained  that  (N-alkyl-N-hydroxyalkyl) -amides  of  acids 
are  converted  on  heating  with  cone,  hydrochloric  acid  into  salts  of  the 
corresponding  alkylamlnoalkyl  esters  (amide-ester  rearrangement),  but  the  bases 
of  the  latter  under  the  Influence  of  alkaline  reagents  are  able  to  change  back 
to  alkylhydroxyalkylamides: 

ArCONC^  ArC00(CH2)nNHR-HCl 

(CH2)nOH 

The  monoalkylamlnoalkyl  esters  of  certain  naphthalene  carboxylic  acids 
described  by  us  in  another  communication  were  prepared  by  the  action  of  acid 
chlorides  on  monoalkylaminoalcohols  in  chloroform  solution  saturated  with 
hydrogen  chloride.  It  seemed  interesting  to  us  to  carry  out  the  condensation 
of  these  components  also  in  aqueous  alkali,  and  to  learn  something  of  the 
course  of  the  rearrangements  in  the  naphthalene  series. 

In  the  condensation  of  4-nltro-l-naphthoyl  chloride  with  n-butyl-  and  Iso- 
butylamlnoethanols  and  of  5-nltro-l-naphthoyl  chloride  with  Isobutylemilnoethanol 
in  aqueous  alkali,  crystalline  substances^ )were  isolated  which  were  easily 
distinguished  by  their  solubility  from  the  bases  of  the  alkylamlnoalkyl  esters; 
they  were  Insoluble  in  cold  dilute  hydrochloric  acid,  and  difficultly  soluble  in 
ether.  These  data,  analyses  and  the  formation  of  certain  derivatives  indicated 
that  in  these  conditions  (N-alkyl-N-hydroxyethyl) -amides  were  obtained. 

In  the  condensation  of  chlorides  of  unsaturated  acids  [ 3- (naphthyl-l) -acrylic 
and  3-(4-nitro-naphthyl-l)  acrylic]  with  monoalkylaminoalcohols  in  aqueous  alkali, 
instead  of  the  expected  amides  the  corresponding  acids  are  formed  on  account  of 
the  instability  of  the  acid  chlorides. 

We  carried  out  the  amide-ester  rearrangement  with  two  compounds;  the  (N-n- 
butyl-N-hydroxyethyl) -amide  of  4-nltro-l-naphtholc  acid  and  the  (N-lsobutyl-N- 
hydroxyethyl) -amide  of  5-nitro-l-naphtholc  acid.  The  conversion  of  these  amides 
into  salts  of  the  corresponding  alkylamlnoethyl  esters  proceeded  much  more  slowly 
than  was  observed  for  the  analogous  benzene  compounds;  only  by  frequent  and 
repeated  heating  of  the  amides  with  strong  hydrochloric  acid  was  it  possible  to 
Isolate  the  salts  of  the  alkamlno  esters.  A  different  position  of  the  nltro  group 
in  the  naphthalene  ring  did  not  have  any  influence  on  the  course  of  the  reaction. 

We  performed  the  reverse  rearrangement  (ester-amide)  with  the  base  of  the 
n-monobutylaminoethyl  ester  of  4-nitro-l-naphtholc  acid.  The  base  of  this  ester 
The  bases  of  the  corresponding  alkylamino  esters  separate  as  oils. 
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was  fairly  stable:  on  liberating  it  from  the  chloride  by  an  aqueous  solution  of 
ammonia  no  rearrangement  was  observed;  the  conversion  of  the  amide  to  the  ester 
occurred  only  on  heating  it  with  an  equimolecular  proportion  of  sodium  hydroxide 
in  aqueous  solution;  the  yield  of  simide  was  60^  of  the  theoretical. 

EXPERIMENTAL 

(N-Butyl-N-hydroxyethyl) -amide  of  4-nitro-l-naphtholc acid 
C4EQ 

OgNCioHe — CON\  .  2.^k  g  n-butylaminoethanol,  15  ml  water  and  1  g  NaOH 

CHsCHsOH 

are  placed  in  a  three-necked  flask  fitted  with  a  mechanical  stirrer.  Then  k.^k 
g  4-nitronaphthoyl  chloride  are  gradually  added.  The  reaction  mixture  is  stirred 
continuously  and  heated  on  the  water  bath  to  50-40* .  After  all  the  acid  chloride 
has  been  added  the  stirring  is  continued  for  another  hour.  The  viscous,  dark 
brown  oil  which  is  formed  is  decanted  from  the  aqueous-alkaline  solution,  washed 
with  cold  water,  dried  in  a  vacuum  desiccator  over  calcium  chloride  for  several 
hours,  and  then  absolute  benzene  is  added  and  allowed  to  stand.  After  5  hours 
the  oil  almost  completely  crystallizes.  The  crystalline  substance  is  filtered 
off  and  recrystallized  from  absolute  benzene.  After  the  first  crystallization  5  6 
of  almost  colorless  powdery  substance  melting  at  90-92*  are  obtained.  A  sample 
mixed  with  the  original  4-nitronaphthoyl  chloride  (m.p.  92-95°)  melts  at  65-67*. 

After  a  second  recrystallization  from  absolute  benzene  2,6  g  of  a  colorless 
crystalline  substeuice  melting  at  91-92*  are  obtained.  The  yield  is  75^  of  the 
theoretical. 

The  (N-butyl-N-hydroxyethyl) -amide  of  4-nitronaphthoic  acid  is  very  soluble 
in  methyl  and  ethyl  alcohols,  less  soluble  in  benzene,  toluene  and  xylene,  and 
insoluble  in  water,  dilute  hydrochloric  acid  and  petroleum  ether. 

8.724  mg  substance;  0.68  ml  methane  (23*,  727  mm).  Found  OH  5*27 

(according  to  Tserevitinov) .  Ci7-H2oN204.  Calculated  OH  5*37. 

Benzoyl  derivative  of  the  (N-butyl -N-hydroxyethyl) -amide  of  4-nitro-l- 
naphthoic  acid,  1  g  (N-butyl-N-hydroxyethyl) -amide  of  4-nitronaphthoic  acid  is 
dissolved  in  10  ml  freshly  distilled  pyridine  and  1  g  benzoyl  chloride  is  added 
dropwise  to  the  solution  at  a  temperature  of  about  30* .  On  slight  cooling  a 
shiny  crystalline  substance  separates.  The  mixture  is  left  to  stand  for  15  hours 
at  about  25*,  and  is  then  poured  into  water  containing  ice.  The  oily  substance 
formed  is  extracted  with  ether  and  the  ethereal  solution  is  washed  with  10^  soda 
solution,  water,  dilute  hydrochloric  acid  and  again  with  water  until  neutral  to 
litmus,  after  which  it  is  dried  with  Na2S04.  On  removal  of  the  ether,  an  oily 
product  remains,  from  which  on  trituration  with  petroleum  ether  1.2  g  (N-butyl- 
N-benzoyloxy) -amide  of  4-nitronaphtholc  acid  of  m.p.  62-65*  separates  on 

cooling.  After  a  number  of  recrystallizations  from  petroleum  ether  a  colorless 
crystalline  substance  melting  at  69-71*  is  obtained. 

The  (N-butyl-N-benzoyloxyethyl) -amide  of  4-nitronaphthoic  acid  dissolves 
easily  in  ethyl  alcohol,  chloroform  and  carbon  tetrachloride.  It  dissolves  on 
heating  in  petroleum  ether,  and  on  cooling  deposits  an  oil,  from  which  by 
trituration  in  the  cold  the  amide  may  again  be  isolated  in  crystalline  condition. 

8.029  mg  substance;  0.495  ml  N2  (26.5*,  731-0  mm).  4.171  mg  substance; 

0.255  ml  N2  (26.0*,  730.0  mm).  Found  N  6.76,  6,65.  C24H24N2O5.  Calculated 

N  6.51. 

(N-isobutyl-N-hydroxyethyl) -amide  of  4-nitro-l-naphthoic  acid.  1.17  g 
isobutylaminoethanol,  O.5  g  NaOH  and  7-5  ^  water  are  put  in  a  three-necked 
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round-bottomed  flask,  fitted  with  an  upright  condenser  and  stirrer.  2.17  g 

4- nitronaphthoyl  chloride  are  added  to  the  reaction  mixture  during  half  an 
hour  with  continuous  stirring,  heating  on  the  wather  bath  to  30-40*.  When 
all  the  4-nitronaphthoyl  chloride  has  been  added  the  stirring  is  continued 
for  another  30  minutes,  and  then  the  aqueous-alkaline  layer  is  decanted  from 

the  oily  product  formed,  which  is  washed  with  ice  water  and  dried  in  a  desiccator 
over  CaCls.  The  oily  product  is  dissolved  in  absolute  benzene  and  left  to  stand 
at  room  temperature.  After  48  hours  a  crystalline  substance  separates  from  the 
solution;  it  is  separated  from  the  oil  and  washed  on  the  filter  with  absolute 
benzene.  0.5  g  of  a  substance  melting  at  103-107"  is  obtained.  The  oil 
remaining  after  separation  of  the  solid  substance  began  to  solidify  after  72 
hours  and  crystallized  on  trituration  in  absolute  ether  with  2-3  drops  of 
absolute  ethyl  alcohol  in  the  form  of  a  colorless  substance  melting  at  96-98* • 

After  recrystalllzlng  both  potions  of  the  separated  substance  a  number  of 
times  from  absolute  benzene  (N-isobutyl-N-hydroxyethyl) -4-nltronaphthamide  is 
obtained  with  constant  m.p.  116-117". 

The  (N-isobutyiN-hydroxyethyl) -amide  of  4-nitronaphthoic  acid  is  insoluble 
in  water,  methyl  and  ethyl  alcohols,  and  ether;  it  is  soluble  on  heating  in 
benzene,  toluene  and  xylene. 

3.878  mg  substance;  9.204  mg  CO2;  2.142  mg  H2O.  6.O56  mg  substance; 

0.474  ml  N2  (22.5*,  725.5  mm).  6.558  mg  substance:  0.523  ml  N2  (23.0",  719.5  mm). 
Found  C  64.72;  H  6.I8,  N  8.63,  8. 70.  C17H20N2O4.  Calculated  C  64.56; 

H  6.32;  N  8.86, 

(N-isobutyl-N-hydroxyethyl) -amide  of  5-nitro-l-naphthoic  acid.  1.6  g 

5- nitronaphthoyl  chloride  Is  gradually  added  during  half  an  hour  with  vigorous 
stirring  to  a  three-necked  flask  containing  1.2  g  isobutylamlnoethanol,  7  ml 
water  and  0,5  g  NaOH.  After  the  addition  of  all  the  acid  chloride  the  reaction 
mixture  is  stirred  for  a  further  half  hour;  the  oily  substance  first  formed  is 
thus  converted  into  a  white  powdery  product  (1.6  g)  melting  at  about  100".  After 
a  number  of  recrystallizations  from  absolute  benzene  a  colorless  crystalline 
substance  melting  at  125-126"  is  obtained.  The  substance  is  very  soluble  in 
chloroform  and  benzene,  less  soluble  in  methyl  and  ethyl  alcohols,  and  Insoluble 
in  petroleum  ether. 

4.904  mg  substance:  0.373  ml  N2  (17.5"^  728.3  mm).  3.109  mg  substance; 

7.399  mg  CO2;  1.791  mg  H2O.  Found  C  64.90;  H  6.45;  N  8.56.  C17H20N2O4. 
Calculated  C  64.56;  H  6.32;  N  8.86. 

Condensation  of  isobutylamlnoethanol  with  3- ( naphthyl- 1 ) -acryloyl  chloride 
in  an  aqueous -aikalirie  medium’.  1.1  g  3- (naphthyl-lj-acryloyl  chloride,  0.5  g 
Isobutyiamlnoethanol  and  O.25  g  NaOH  in  12  ml  water  are  stirred  at  40®  for  about 
half  an  hour.  The  oil  formed  is  sepeirated,  washed  with  water  and  dried  with 
calcium  chloride.  After  a  double  recrystalllzation  from  benzene  a  crystalline 
substance  of  m.p.  207-208"  is  obtained.  On  determining  the  melting  point  of  a 
sample  mixed  with  3- (naphthyl-l) -acrylic  acid  no  depression  was  observed. 

Condensation  of  n-butylamlnoethanol  with  3- (4-nltronaphthyl-l) -acryloyl 
chloride  in  an  aqueous-alkailne  medium.  0.8  g  3- (4-nltronaphthyl-l) -acryloyl 
chloride,  0,4  g  n-butylamlnoethanol,  10  ml  water  and  0.6  g  NaOH  are  stirred  at 
30-40"  for  one  hour,  and  the  aqueous-alkaline  solution  is  poured  off  from  the  oil 
formed  which  is  washed  with  water,  dried  with  CaCl2^and  absolute  benzene  is  added. 
After  standing  for  four  hours  a  dark  colored  powdery  substance  (1  g)  melting  at 
about  190"  is  precipitated.  After  a  number  of  recrystallizations  from  chloroform 
a  bright  yellow  substance  is  obtained  with  m.p.  258-260* .  3-(4-Nltronaphthyl-l) - 


the  benzene  solution  with  stirring.  The  stirring  is  continued  for  8  hours  and 
then  the  mixture  is  left  to  stand  for  20  hours.  The  precipitate  which  separates, 
benzylmethylamine  hydrobromide,  is  filtered  off.  4.1  g  is  obtained,  estimated 
4.5  g.  The  benzene  is  distilled  from  the  filtrate  under  reduced  pressure.  The 
orange  oil  remaining  after  the  distillation  is  dissolved  in  absolute  ether.  The 
hydrochloride  is  precipitated  from  the  ethereal  solution  by  adding  an  ethereal 
solution  of  HCl  to  the  orange  solution  of  the  base.  The  precipitate  formed  is 
filtered  off.  7  g  is  obtained,  or  90^  of  the  theoretical  quantity.  M.p.  177- 
178*.  After  2  crystallizations  from  a  mixture  of  alcohol  and  acetone  the  m.p. 
is  189-190*. 

6.512  mg  substauace:  0.250  ml  Ng  (23. 5*^  731.0  mm).  Found  N  3.91. 
CgiHgsON-HCl.  Calculated  N  4.07. 

2- (Methylaminopropionyl) -tetralin.  2,3  g  bromoketone  are  dissolved  in  5  lal 
dry  benzene.  1  g  methylamine  dissolved  in  10  ml  dry  benzene  is  added  to  the 
resulting  solution  with  cooling  and  stirring.  After  the  addition  is  complete 
the  reaction  mixture  is  allowed  to  stand  for  7  hours  with  cooling,  and  then  12 
hours  at  rocsn  temperature.  The  precipitate  of  methylamine  hydrobromide  is 
filtered  off.  0.8  g  is  obtained.  The  benzene  is  distilled  off.  The  oil 
remaining  after  the  distillation  of  the  benzene  is  dissolved  in  ether,  filtered, 
and  the  hydrochloride  is  precipitated  from  the  ethereal  solution  by  the  addition 
of  an  ethereal  solution  of  HCl,  The  precipitate  quickly  reddens  and  deliquesces. 
The  ether  is  decanted  from  the  precipitate,  and  the  precipitate  is  triturated 
with  dry  acetone.  The  precipitate  is  then  recrystallized  from  a  mixture  of 
alcohol  and  acetone.  0.7  g  is  obtained.  M.p.  213*.^) 

7.756  mg  substance:  0.582  ml  Ng  (23.5*>  731  mm).  Found  N  5*46. 
Ci4Hi0ON*HC1.  Calculated  N  5-52. 

2- (Methylaminopropanol) -tetralin.  (1)  0.5  g  2-(a)benzylmethylamlnopropionyl) 
tetralin  hydrochloride  are  dissolved  in  17  nil  ethyl  alcohol.  1  g  10^  Pd  on 
charcoal  are  added  to  the  solution  and  agitated  in  an  atmosphere  of  hydrogen. 

80  ml  hydrogen  were  absorbed  in  3  hours  45  min.,  estimated  70  ml.  At  the  end  of 
the  reduction  the  catalyst  is  filtered  off  and  heated  twice  with  alcohol.  The 
alcoholic  solutions  6u:e  united.  The  alcohol  is  distilled  off  under  reduced 
pressure.  The  residue  is  recrystallized  from  a  mixture  of  alcohol  and  ether.  • 

0.2  g  is  obtained.  M.p.  198-198,5*. 

(2)  0.4  g  2- (a-benzylmethylamlnopropionyl) -tetralin  hydrochloride  are 
dissolved  in  15  ml  alcohol.  0.2  ml  cone,  hydrochloric  acid  and  0.7  g  l6^ 
solution  of  PdClg  sire  added  to  the  resulting  solution  and  the  reaction  mixture 
is  agitated  in  an  atmosphere  of  hydrogen.  90  ml  were  absorbed  in  2  hours  (esti¬ 
mated  on  the  reduction  of  the  carbonyl  group  53  nil) .  At  the  end  of  the  reduction 
the  alcoholic  solution  is  decanted  from  the  catalyst  and  the  catalyst  is  washed 
twice  with  hot  alcohol.  The  alcoholic  solutions  are  united.  The  alcohol  is 
distilled  off  under  reduced  pressure.  The  residue  is  recrystallized  from  a 
mixture  of  alcohol  and  ether.  0.13  g  is  obtained,  m.p.  198-]98*5*>  and  0.07  Sf 
m.p.  197*. 

9.24l  mg  substance:  0.454  ml  Ng  (22*,  728  mm).  3.100  mg  substance:  7.448 
mg  COgj  2.560  mg  HgO.  Found  ^•,  N  5.45;  C  65.525  H  8.52.  Ci4Hgi0N-HCl. 

Calculated  <f>i  N  5.48;  C  65.725  H  8.67. 

(3)  1  g  2- (a-methylaminopropionyl) -tetralin  hydrochloride  is  dissolved  in 
25  ml  alcohol.  1  g  10^  Pd  on  charcoal  is  added  to  the  resulting  solution.  130 
■'■  According  to  results  [1]  m.p.  is  256*. 
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ml  were  absorbed  in  4  hours,  estimated  155  nil.  The  catalyst  is  filtered  off 
and  heated  twice  with  fresh  alcohol.  The  alcoholic  solutions  are  united.  The 
alcohol  is  distilled  off.  The  residue  is  recrystallized  from  a  mixture  of 
alcohol  and  ether.  0.4  g  is  obtained  with  m.p.  198-198.5“^)  and  0.2  g  with 
m.p.  196-197*. 

2- (a)Diethylaminopropionyl) -tetralin.  4  g  2-(a-bromopropionyl) -tetralln 
are  dissolved  in  5  nil  benzene.  2.2  g  freshly  distilled  diethylamlne  are  added 
to  the  resulting  solution  with  stirring.  The  reaction  mixture  was  stirred  for 
12  hours  at  room  temperature.  The  precipitated  diethylamlne  hydrobromide  is 
filtered  off.  2.2  g  is  obtained,  estimated  2.5  g.  The  benzene  is  distilled 
from  the  benzene  solution  under  reduced  pressure.  The  residue  is  dissolved  in 
dry  ether.  The  hydrochloride  is  precipitated  from  the  ethereal  solution  by  the 
addition  of  an  ethereal  solution  of  HCl.  5*5  g  is  obtained,  2  crystallizations 
from  acetone  give  colorless  crystals  of  m.p.  179-l80*. 

10.481  mg  substance:  5*5^  ml  0.01  N  12804.  10.571  nig  substance:  5.46  ml 

0.01  N  H2SO4.  Found  N  4.75,  4.67.  CirHasON-HCl.  Calculated  N  4.75. 

1* - (Tetralyl-2) -2- (dlethylamino) -propanol.  1.2  g  2-(a-dlethylamlnopro- 
plonyl) -tetralln  are  dissolved  in  I5  ml  96^  ethyl  alcohol.  A  solution  of  1.2  g 
PdCl2  in  10  ml  H2O  and  1  ml  cone,  hydrochloric  acid  is  added  to  the  resulting 
solution.  The  reaction  mixture  is  agitated  in  an  atmosphere  of  hydrogen. 
Altogether  270  ml  were  absorbed  in  6  hours  50  min.,  (estimated  on  the  reduction 
of  the  carbonyl  group  96-IOO  ml) .  At  the  end  of  the  reduction  the  solution  was 
poured  off  from  the  catalyst.  The  catalyst  was  washed  twice  with  alcohol.  The 
alcoholic  solutions  are  united.  The  alcohol  is  distilled  off  under  reduced 
pressure.  The  dry  residue  is  recrystallized  from  absolute  ethyl  alcohol.  0.5  g 
is  obtained.  M.p.  l8l-l82*.  A  further  0.5  g  of  substance  is  separated  from 
the  mother  liquor  by  the  addition  of  ether.  M.p.  179-180*. 

Since  the  melting  point  of  the  substance  obtained  after  reduction  is  very 
close  to  the  melting  point  of  the  original  substance,  the  melting  point  of  a 
mixed  sample  of  the  reduced  substance  with  the  original  was  determined.  A 
mixture  of  the  substance  with  m.p.  l8l-l82*  and  the  original  ketone  (with  m.p. 
179-180*)  melts  at  165-I75*.  A  mixture  of  the  substance  separated  from  the 
mother  liquor  (after  reduction)  with  m.p.  179-l80*  and  the  original  ketone 
(179-180*)  gives  no  depression.  Therefore  the  reduction  did  not  proceed  to 
completion.  On  repeating  the  experiment  about  50^  of  non-reduced  substance  was 
again  separated. 

The  substance  melting  at  l8l-l82*,  corresponding  to  the  amlnoalcohol,  was 
analyzed. 

4.525  mg  substance;  11.590  mg  CO2J  5*751  mg  H20.  7*157  mg  substance; 

0.525  ml  N2  (19*5*,  721  mm).  Found  C  68.68)  H  9*25)  N  5*04.  CitH2tOR-HC1. 
Calculated  C  68.55)  H  9*^7)  N  4.96. 

SUMMARY 

1.  The  synthesis  and  properties  of  l*-(tetrahydronaphthyl-2) -2*-methyl- 
amlnopropanol  and  other  amlnoalcohols  of  the  tetrahydronaphthalene  series  were 
described. 

2 .  1 » - ( naphthyl -2 ) -2  *  - ( methylamino ) -propanol  was  synthesized. 

^  In  [1]  m.p.  195*  is  given  for  this  amlnoalcohol. 
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SYNTHESIS  OF  AMINO  ALCOHOLS  SIMILAR  TO  EPHEDRINE 
A.  A.  Kropacheva  and  S.  I.  Serglevskaya 

A  few  years  ago  we  began  research  on  compounds  of  the  ephedrine  type  in 
the  naphthalene  and  tetrahydronaphthalene  series.  Before  our  work  was  quite 
finished,  a  short  report  by  R.  Galas  [1]  appeared,  in  which  a  description  was 
given  of  several  of  the  compounds  prepared  by  us  [2- (oL-methylaminopropionyl) - 
naphthalene  and  -tetrahydronaphthalene,  and  l-( naphthyl-2)-  and  l-(tetrahy- 
dronaphthyl-2) -2*-amlnopropanols] ,  Since  the  trend  and  content  of  R.  Galas* 
research  and  ours  were  different,  we  decided  to  publish  our  results  too. 

The  only  compounds  synthesized  by  us  were  those  with  substituted  groups  in 
the  3-posltion  of  the  naphthalene  and  tetrahydronaphthalene  rings.  The  original 
2- (a-bromopropionyl) -naphthalene  and  2-(a-bromoproplonyl) -tetralln  were  obtained 
by  the  condensation  of  naphthalene  or  tetralin  with  a-bromoproplonyl  bromide  in 
the  presence  of  AICI3. 

The  synthesis  of  eimlnoketones  and  amlnoalcohols  in  the  naphthalene  series 
was  limited  to  the  condensation  of  2- (a-bromopropionyl) -naphthalene  with  benzyl- 
methylamine  and  methylamlne  and  subsequent  reduction  of  the  aminoketones  obtained. 
The  work  in  the  tetralin  series  was  carried  out  on  a  less  restricted  scale.  By 
the  action  of  benzylamine,  methylamlne  and  diethylamlne  on  2- (a-bromopropionyl) - 
tetralin  the  corresponding  aminoketones  were  prepared,  and  by  the  catalytic 
reduction  of  the  aminoketones  with  hydrogen  in  the  presence  of  palladium  black 
or  palladium  on  charcoal,  the  following  amlnoalcohols  were  formed?  l-(tetrahydro- 
naphthyl-2 ) -2  * -amlnopr opanol ,  1- ( tet rahydr onaphthyl -2 ) -2  * -met hylaminopropanol  and 
1- ( tetrahydronaphthyl-2 ) -2  * -diethylaminopropanol . 

It  should  be  noted  that  the  melting  points  of  the  hydrochlorides  of  2-(methyl- 
aminopropionyl) -naphthalene  and  -tetrahydronaphthalene  differ  fairly  substantially 
from  the  melting  points  given  in  R.  Galas*  report.  But  the  melting  points  of  the 
hydrochlorides  of  the  amlnoalcohols  which  are  fo3*med  by  the  reduction  both  of  2- 
(methylaminoproplonyl) -naphthalene  and  -tetrahydronaphthalene  agree  with  R.  Galas* 
results,  and  this  seems  to  confirm  R.  Galas*  interesting  observation  that  1- 
(naphthyl-2) -  and  l-( tetrahydronaphthyl-2) -2* -methylamlnopropanols.  Independently 
of  the  method  of  reduction,  are  formed  only  in  one  of  the  possible  dlastereomerlc 
forms . 

EXPERIMENTAL 

^Xa-Bromopropionyl) -naphthalene.^)  I5  g  aluminum  chloride  and  40  ml  carbon 
disulfide  are  placed  in  a  round-bottomed  flask.  A  solution  of  10.8  g  bromopropionyl 
bromide,  and  6.k  g  naphthalene  in  10  ml  carbon  disulfide  is  added  during  1  hour  I5 
min.  to  the  resulting  mixture  with  vigorous  stirring.  When  it  has  all  been  added, 
the  reaction  mixture  is  stirred  for  another  4  hours,  and  then  separated  by  the  usual 
method.  Ether  is  added  to  the  reaction  mixture.  The  ether-carbon  disulfide  layer 
is  separated  and  dried  with  GaGlg.  The  ether  and  carbon  disulfide  are  distilled 
off.  The  residue,  an  oil,  solidifies  on  standing.  After  recrystallization  from 
methyl  alcohol  the  m.p.  is  83-84®.  Yield  5.8  g. 

2- (o-Benzylmethylaminopropionyl ) -naphthalene .  2g  2- (a-bromopropionyl j - 
naphthalene  are  dissolved  in  5  absolute  benzene.  To  the  resulting  solution  1  8 
g  freshly  distilled  benzylmethylamlne  is  added  with  stirring.  When  the  addition 
Obtained  also  by  bromination  of  2-propionyl-naphthalene  [2]. 
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is  complete,  the  solution  is  stirred  for  a  further  5-^  hours  and  allowed  to 
stand  for  l8-20  hours.  The  precipitated  benzylmethylamine  hydrobromide  is 
filtered  off.  1.^  g  is  obtained.  The  benzene  is  distilled  from  the  benzene 
solution  under  reduced  pressure.  The  residue,  an  oil,  is  dissolved  in  absolute 
ether  and  the  hydrochloride  precipitated  by  the  addition  of  an  ethereal  solution 
of  HCl.  The  precipitated  hydrochloride  in  the  form  of  an  oily  sludge  is  sepa¬ 
rated  from  the  ether  and  triturated  with  acetone.  1.6  g  of  a  solid  substance  is 
obtained.  After  recrystallization  from  alcohol  the  m.p.  is  17O-I7I* .  A  sample 
mixed  with  benzylmethylamine  hydrochloride  has  m.p.  I55-I60* . 

6.675  substance:  0.252  ml  Ng  (20.5*,  736.5  mm).  Found  N  4.25. 
CgiHgiON-HCl.  Calculated  N  4.12. 

2- (Methylaminopropionyl) -naphthalene .  2.8  g  2-(x-bromopropionyl  naphthalene 

are  dissolved  in  8  ml  absolute  benzene.  A  solution  of  1  g  methylamine  in  10  ml 
absolute  benzene  is  added  to  the  resulting  solution  with  cooling  and  stirring. 

When  the  addition  is  complete,  the  reaction  mixture  is  allowed  to  stand  for  9 
hours,  meanwhile  cooling  in  ice  and  water.  The  precipitated  methylamine  hydro¬ 
bromide  is  filtered  off.  0.8  g  is  obtained.  The  benzene  and  the  remainder  of 
the  methylamine  are  distilled  from  the  benzene  solution  under  reduced  pressure. 

The  oil  remaining  after  distillation  of  the  benzene  is  dissolved  in  absolute 
ether  and  the  hydrochloride  is  precipitated  by  the  addition  of  an  ethereal  solu¬ 
tion  of  HCl.  The  precipitated  hydrochloride  in  the  form  of  a  deliquescent  colored 
sludge  is  triturated  with  absolute  acetone  and  the  2-(a-methylaminopropionyl) - 
naphthalene  hydrochloride  which  is  slightly  colored  and  not  deliquescent  in  air 
is  filtered  off.  1.4  g  is  obtained.  After  a  double  crystallization  from  ethyl 
alcohol  1  g  is  obtained.  M.p.  193-194*.^) 

5.4o8  mg  substance:  0,273  ml  Ng  (21.5®,  74l  mm),  5*l8l  mg  substance: 

0.264  ml  Ng  (21.5®,  741  mm).  Found  N  5. 71,  5-76.  Ci4Hi50N*HCl,  Calculated 
N  5.61. 

1* -(Naphthyl-2) -2*- (methylamino) -propanol,  (a)  1  g  2- (a-benzylmethylamino- 
proplonyl) -naphthalene  hydrochloride  is  dissolved  in  22  ml  ethyl  alcohol.  1  g 
10^  Pd  on  charcoal  is  added  to  the  resulting  solution  and  the  reaction  mixture 
is  agitated  in  an  atmosphere  of  hydrogen.  During  8  hours  I50  ml  were  absorbed, 
estimated  at  132.  At  the  end  of  the  reduction  the  catalyst  is  filtered  off  and 
washed  with  hot  alcohol  twice  more.  The  alcoholic  solutions  are  united.  The 
alcohol  is  distilled  off  under  reduced  pressure.  The  residue  is  recrystallized 
from  96^  ethyl  alcohol.  0.5  g,  or  40^  is  obtained.  M.p.  241-242®. 

(b)  0.4  g  2- (cr-methylamlnopropionyl) -naphthalene  hydrochloride  are  dissolved 
in  15  ml  ethyl  alcohol.  0.8  g  of  a  l6^  solution  -of  PdClg  (0.13  g)  sure  added  to 
the  resulting  solution,  which  is  agitated  in  an  atmosphere  of  hydrogen.  70  ml 
were  absorbed  in  1  hour  50  min.  At  the  end  of  the  reduction  the  alcoholic  solution 
is  poured  off  from  the  catalyst.  The  catalyst  is  washed  with  alcohol.  The 
alcoholic  solutions  are  united.  A  solution  of  0.4  g  2-(a-methylaminoproplonyl)- 
naphthalene  hydrochloride  in  I5  ml  ethyl  alcohol,  and  0.2  ml  hydrochloric  acid 
are  added  to  the  catalyst,  and  again  agitated  in  an  atmosphere  of  hydrogen. 

During  2  hours  40  ml  hydrogen  were  absorbed.  The  alcoholic  solution  is  poured 
off  from  the  catalyst  and  the  catalyst  washed  with  alcohol.  The  alcholic  solu¬ 
tions  from  2  experiments  are  united  and  the  alcohol  is  distilled  under  reduced 
pressure.  The  residue  is  recrystallized  from  96^  ethyl  alcohol.  0.42  g  (about 
70^)  is  obtained:  m.p.  241-242® . 

^  According  to  results  [1]  m.p.  is  181®. 

^  According  to  results  [1]  m.p.  is  242®. 
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8.324  mg  substance:  0.438  ml  Ng  (23*,  729  mm).  4.113  mg  substance; 

10.056  mg  CO2J  2.679  mg  H2O.  Found  N  5.69>  C  66.68j  H  7»28.  Ci4Hir0N*HCl. 
Calculated  N  5 -56)  C  66.77?  H  7.21. 

2- (g-Bromoproplonyl) -tetralln.  (a)  26,1  g  2-proplonyltetralin^)  are 
dissolved  in  130  ml  chloroform.  21.2  g  (or  6.8  ml)  bromine  dissolved  in  70  ml 
chloroform  are  added  with  stirring  to  the  resulting  solution  which  is  stirred 
for  a  further  2  hours  after  the  addition  is  complete,  and  then  the  chloroform 
is  distilled  off.  The  oil  remaining  after  distillation  of  the  chloroform 
solidifies.  After  recrystallization  from  methyl  alcohol  23.3  g  (63.3^  of  the 
theoretical  quantity)  are  obtained^  m.p.  6O-61* . 

(b)  20.8  g  AICI3  and  69  ml  carbon  disulfide  are  placed  in  a  round- 
bottomed  flask.  A  mixture  of  bromopropionyl  bromide  and  8.8  g  tetralln  is 
added  during  1  hour  to  the  resulting  mixture  through  a  dropping  funnel. 

After  the  addition  is  complete  the  mixture  is  stirred  for  another  4  hours 
and  separated  by  the  usual  method.  The  carbon  disulfide  layer  is  separated 
and  the  aqueous  layer  extracted  twice  with  ether.  The  carbon  disulfide  and 
ether  are  united,  shaken  with  charcoal  and  dried  with  CaCl2.  After  distilling 
off  the  solvents,  an  oil  remains  which  solidifies  on  cooling.  On  recrystalli¬ 
zation  from  methyl  alcohol  it  becomes  slightly  colored  crystals.  M.p.  59-60* . 
8.3  g,  or  76^  of  the  theoretical  quantity,  is  obtained. 

2,425  mg  substance;  I.69O  mg  AgBr.  Found  Br  29.64.  CiaHisOBr. 
Calculated  Br  29,92. 


2- (g-Benzylaminopropionyl) -tetralin.  2  g  2-(a-bromoproplonyl) -tetralin 
are  dissolved  in  4  mii  benzene.  1,55  g  freshly  distilled  benzylamine  is  added 
from  a  dropping  funnel  to  the  resulting  solution  with  stirring.  VHien  the 
addition  is  complete,  the  solution  is  stirred  for  a  further  2  hours  and  left 
to  stand  for  20  hours.  The  precipitated  benzylamine  hydrochloride  is  filtered 
off.  1,2  g  is  obtained,  estimated  1.3  g.  'The  benzene  is  distilled  from  the 
benzene  solution  under  reduced  pressure.  The  residue,  an  oil,  is  dissolved  in 
absolute  etherj  it  is  filtered  and  the  hydrochloride  is  precipitated  from  the 
ethereal  solution  by  the  addition  of  an  ethereal  solution  of  HCl.  An  orange 
colored  flocculent  precipitate  is  formed,  which  after  trituration  with  acetone 
changes  to  a  white  powder.  1.1  g  is  obtained.  M.p.  192-193** 

5.855  nig  substance;  0.231  ml  N2  (21*^  754  mm).  Found  N  4.47* 

CzoHsaON-HCl.  Calculated  N  4.25. 

l*-(Tetralyl -2) -2* -(amino) -propanol.  I.5  g  2-(benzylamlnoproplonyl) - 
tetralin  is  dissolved  in  30  ml  ethyl  alcohol.  2.3  g  of  a  l6^  solution  of 
PdCl2  are  added  to  the  resulting  solution,  and  the  reaction  mixture  is  agitated 
in  an  atmosphere  of  hydrogen.  265  ml  hydrogen  were  absorbed  in  1  hour.  (196 
ml  estimated  on  reduction  of  the  carbonyl  group) .  At  the  end  of  the  reduction 
the  solution  is  poured  off  from  the  catalyst.  The  catalyst  is  washed  twice  with 
alcohol.  The  alcoholic  solutions  are  united.  The  alcohol  is  distilled  off  under 
reduced  pressure.  Tne  residue,  a  greenish  vitreous  mass,  is  recrystallized  twice 
from  ethyl  alcohol.  0.5  g  is  obtained.  M.p.  205-206*. 


3.139  mg  substance;  7*461  mg  COgj  2.35^  “ig  H2O.  6.27O  mg  substance;  0.325  nil 
Ns  (20*,  725  mm).  Found  C  64. 82^  H  8.40j  N  5*76.  CiaHisON-HCl.  Calculated 
C  64. 56;  H  8.34j  N  5.79. 


2- (g-Benzylmethylamlnopropionyl) -tetralin.  6  g  2-(a,-bromoproplonyl)- 
tetralln  are  dissolved  in  16  ml  benzene.  5.4  g  benzylmethylamlne  are  added  to 
Prepared  according  to  Barbot*s  description  [3]. 
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acrylic  acid  melts  at  263-265* . 

4.635  nig  substance:  0.345  ml  Ng  (15«5*>  725-.9  mm).  Found  N  6.07* 

C13H9O4N.  Calculated  N  5-76. 

Rearrangement  of  the  (N-butyl-N-hydroxyethyl) -eunide  of  4-nitronaphthoic  acid 
to  the  butylaminoethyl  ester  hydrochloride  of  4-nitro-l-naphthoic  acid.  0.8  g 
( N-butyl-N-hydr oxyethylT-amide  of ~4-nitronaphthoic  acid  (m.p.  91-92*)  and  1.12  ml 
cone,  hydrochloric  acid  are  heated  in  a  flask  with  an  upright  condenser  on  a 
boiling  water  bath.  After  5  minutes  heating  a  clear  solution  is  formed,  which  is 
heated  in  the  same  conditions  for  another  hourj  the  hydrochlorir*  acid  is  distilled 
off  in  vacuo  during  the  heating.  The  oily  substance  left  behind  is  treated  with 
absolute  ether  on  cooling  and  0.3  g  of  a  crystalline  substance  (m.p.  16I-I62*), 
which  easily  turns  a  yellow  color,  separates.  On  determining  the  melting  point 
of  a  sample  of  the  substance  obtained  mixed  with  authentic  butylaminoethyl  ester 
hydrochloride  of  4-nitronaphthoic  acid  (m.p.  l6l-l62*)  no  depression  is  observed. 

The  oily  substance  remaining  after  removal  of  the  butylaminoethyl  ester 
hydrochloride  in  absolute  ether  is  again  treated  with  hydrochloric  acid  and 
another  O.I5  g  alkamlnoester  hydrochloride  of  m.p.  l6l-l62*  is  obtained.  On 
performing  a  similar  operation  again,  in  all  0.47  g  butylaminoethyl  ester 
hydrochloride  of  4-nitronaphtholc  acid  is  obtained,  which  amounts  to  58.7^  of 
the  theoretical  yield. 

Rearrangement  of  the  (N-isobutyl-N-hydroxyethyl) -  amide  of  5-nltro-l- 


naphthoic  acid  to  the  isobutylaminoetl^l  es-^^^drochlorlde  of  5-nitro-l 
naphthoic  acid.  0.2  g  (N-isobutyl-N-hydroxyethyl) -amide  of  5-nitro-l-naphtholc 
acid  and  0.5  ml  cone,  hydrochloric  acid  are  put  in  a  flask  with  an  upright 
condenser  and  heated  on  a  boiling  water  bath  for  20  minutes.  The  reaction 
mixture  is  evaporated  to  dryness,  the  substance  remaining  is  dissolved  in  water 
and  the  aqueous  solution  filtered.  The  base  of  the  alkamlnoester  separates  on 
the  Euidition  of  10^  soda  solution  and  is  extracted  with  ether,  0,1  g  of  a 
white  crystalline  precipitate  is  separated  from  the  washed  and  dried  ethereal 
solution  by  adding  to  it  a  solution  of  hydrogen  chloride  in  ether.  The  substance 
does  not  change  on  heating  to  219*,  and  melts  at  220-221®. 

On  determining  the  melting  point  of  a  sample  of  the  substance  mixed  with  the 
isobutylaminoethyl  ester  hydrochloride  of  5-nitro-l-naphthoic  acid  no  depression 
was  observed  (220-221®).  , 

Ester-amide  rearrangement .  1.4  g  butylaminoethyl  ester  hydrochloride  of 

4-nitronaphthoic  acid  is  dissolved  with  slight  heating  in  60  ml  water.  After 
cooling,  0.2  g  NaOH  is  added  to  the  solution  and  the  reaction  mixture  is  heated 
on  the  water  bath  for  1  hour.  An  oily  substance  gradually  separates.  On  cooling 
the  mixture  the  aqueous-alkaline  solution  is  decanted  from  the  oil  and  after 
drying  in  vacuo  it  is  triturated  with  a  mixture  of  petroleum  ether  and  benzene. 

In  this  way  0.9  g  of  a  substance  melting  at  79-85*  is  precipitated.  On  crystalli¬ 
zation  from  absolute  benzene  0.7  g  of  a  substance  of  m.p.  91-92*  is  obtained.  A 
sample  mixed  with  the  (butyl-hydroxyethyl) -amide  of  4-nitronaphthoic  acid  gave 
no  depression. 

The  yield  of  crude  amide  is  0.9  g  (74^),  and  recrystallized  0.7  g  (60^  of  the 
theoretical) . 

SUMMARY 

The  (N-butyl-N-hydroxyethyl)-  and  (N-isobutyl-N-hydroxyethyl)-  amides  of 
4-nitro-l-naphthoic  acid  and  the  (N-isobutyl-N-hydroxyethyl)-  amide  of  ^-nltro- 
1-naphthoic  acid  were  preparedj  an  amide-ester  rearrangement  was  carried  out 

with  some  of  them.  ,  . . . 
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THE  ACTION  OF  PHOSPHORUS  PENTAHALIDES  ON  1,2 -BENZANTHRACENE 
AND  ITS  DERIVATIVES 

3.  M.  Mikhailov  and  T.  K.  Kozminskaya 

Not  long  ago  one  of  us  showed  [1]  that  anthracene  and  its  derivatives  can 
react  with  phosphorus  pentahalides  forming  meso-halogen  compounds  of  anthracene. 
The  reaction  between  anthracene  and  phosphorus  pentachloride  led  directly  to  9- 
chloranthracene,  whereas  by  the  action  of  phosphorus  pentabromide  on  anthracene 
the  formation  of  9^ 10-dibrom-9,10-dihydroanthracene  was  established  -  the  product 
of  the  addition  of  a  molecule  of  bromine  to  a  molecule  of  hydrocarbon,  which  is 
then  converted  to  9-bromanthracene  by  the  elimination  of  hydrogen  bromide. 

In  this  paper  we  describe  conversions  of  compounds  of  the  1,2 -benzanthracene 
series  by  the  action  of  phosphorus  pentachloride  and  pentabromide.  Objects  for 
research  were  1,2-benzanthracene,  3^^* -ace-1, 2-benzanthracene,  9-niethyl-,  10- 
methyl-  and  10-brom-l, 2-benzanthracene . 

The  study  of  the  reaction  between  phosphorus  pentachloride  and  1,2-benz¬ 
anthracene  showed  that  a  tetracyclic  aromatic  hydrocarbon,  like  anthracene,  is 
halogenated  by  phosphorus  pentachloride  in  the  meso  position.  On  heating  a 
benzene  solution  of  the  reagents  taken  in  equlmolecular  proportions,  10-chlor- 
1, 2-benzanthracene  (l)  was  obtained  in  26^  yield.  The  preparation  of  the  chloride 
(l)  from  1,2 -benzanthracene  and  sulfuryl  chloride  [2]  is  described  in  the 
literature . 


Cl  Cl 


(I)  (II) 

The  action  of  phosphorus  pentachloride  on  3 -ace -1,2-benzanthracene 
proceeds  similarly. 

As  a  result  of  the  reaction  lO-chlor-3,^' -ace-1, 2-benzanthracene  (II)  was 
obtained  in  29^  yield. 

The  reaction  between  1,2 -benzanthracene  and  phosphorus  pentabromide  led  to 
the  formation  of  10-brom-l, 2-benzanthracene  (III).  The  addition  product  of  a 
molecule  of  bromine  to  the  hydrocarbon,  which  took  place  with  anthracene,  was 
not  observed.  There  is  no  doubt,  however,  that  the  reaction  proceeds  through 
the  intermediate  formation  of  9^10-dibrom-9,10-dihydro-l, 2-benzanthracene,  which 
is  less  stable  that  the  corresponding  dibromlde  of  anthracene  and  gives  off 
hydrogen  bromide  in  the  conditions  of  the  reaction. 


2kk^ 


The  substitution  of  a  hydrogen  atom  in  the  10-position  by  bromine  was 
also  observed  in  the  action  of  phosphorus  pentabromide  on  9*niethyl-l,2-benz- 
anthracenej  as  a  result  of  the  reaction  9-niethyl-lO-brom-l, 2-benzanthracene 
(IV)  was  formed  in  k'J’jo  yield.  On  bromination  of  9-methyl-l, 2-benzanthracene 
with  bromine  the  bromide  (IV)  is  formed  in  6vjo  yield. 


The  reaction  between  phosphorus  pentabromide  and  10-methyl-l,2-benz- 
anthracene  is  unusual.  In  this  case,  as  in  the  action  of  bromine  on  10-methyl- 
1,2-benzanthracene  [3],  the  formation  of  10-bromomethyl-l, 2-benzanthracene  (V) 
is  observed,  and  not  the  product  of  substitution  in  the  9-posltion. 


This  course  of  the  reaction  is  no  doubt  connected  with  steric  hindrance, 
which  prevents  the  entry  of  a  large  atom  in  the  9-positlon. 

5, ^*-Ace-l, 2-benzanthracene  reacts  with  phosphorus  pentabromide  with  the 
formation  of  10-brom-3,^'-ace-l, 2-benzanthracene  (Vl).  We  also  obtained  the 
same  compound,  but  in  considerably  better  yield,  by  the  action  of  bromine  on 
3 , ^  * -ace-1 , 2-benzanthracene . 

We  also  studied  the  action  of  phosphorus  pentabromide  on  lO-brom-1,2- 
benzanthracene .  The  reaction  product  proved  to  be  9^10,10-tribrom-9,10- 
dihydro-1, 2-benzanthracene  (VII),  which  is  distinguished  by  an  exceptional 
stability.  Numerous  attempts  to  split  off  hydrogen  bromide  from  the  tribromlde 
(VII)  by  the  use  of  different  reagents  were  unsuccessful,  with  the  result  that 
either  the  original  substance  was  obtained  or  it  was  decomposed  to  a  large 
extent . 

The  converse  splitting  off  of  a  molecule  of  bromine 
from  the  tribromide  (VII)  occurs  with  difficulty.  Bro¬ 
mine  was  successfully  split  off  by  heating  the  bromide 
with  pyridine  or  acetone  containing  a  small  quantity  of 
pyridine.  In  addition  to  10-brom-l, 2-benzanthracene, 
pyridine  bromide  or  monobromacetone,  formed  as  a 
result  of  the  secondary  reaction  between  pyridine 
dibromlde  and  acetone,  was  obtained. 

It  should  be  noted  that  by  the  action  of  bromine  on  10-brom-l, 2-benzan¬ 
thracene  a  complex  mixture  of  bromides  is  formed,  from  which  we  were  able  to 
separate  only  a  small  amount  of  9^10^l0>x-tetrabrom-9,10-dlhydro-l, 2-benzan¬ 
thracene.  The  bromination  of  1,2-benzanthracene  in  the  presence  of  pyridine 
presents  another  picture.  In  this  case  a  reaction  similar  to  the  reaction  with 
phosphorus  pentabromide  takes  place,  l.e.  with  the  formation  of  the  tribromlde 
(VIl)  as  the  main  reaction  product. 


EXPERIMENTAL 

1.  1,2-Benzant^acene  and  phosphorus  pentachloride .  1  g  1,2-benzanthracene, 

1  g  phosphorus  pentachloride  and  l8  ml  dry  benzene  were  put  into  a  flask  fitted 
with  a  reflux  condenser  and  a  calcium  chloride  tube,  and  the  mixture  was  heated 
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to  boiling  on  the  water  bath  for  1.5  hours.  The  resulting  clear  solution  was 
washed  with  water  and  the  solvent  distilled  off.  The  residue  was  crystallized 
from  acetone.  0.5  g  of  a  crystalline  product  melting  at  l44-l47*  was  Isolated. 
The  yield  of  10-chlor-l, 2-benzanthracene  (l)  is  26.1^  of  the  theoretical. 

After  two  additional  crystallizations  from  the  same  solvent  the  substance 
consists  of  colorless  small  plates  melting  at  l46.6-l48*.  The  reaction  for 
halogen  is  positive.  According  to  the  literature,  10-chlor-l, 2-benzanthracene 
melts  at  151*  [2]. 

1.7^0  mg  substance:  5*253  nig  CO2J  O.67O  mg  HsO.  Found  C  82.07) 

H  ^.50.  CisHiiCl.  Calculated  C  82.28;  H  4.22. 

2.  5*4* -Ace -1,2-benzanthracene  and  phosphorus  pentachloride.  By  boiling 
a  mixture  of  1.5  g  5^ 4* -ace-l,2-benzanthracene,  1.6  g  phosphorus  pentachloride 
and  40  ml  dry  benzene  on  the  water  bath  for  12  hours  a  dark  brown  solution  was 
obtained.  This  was  washed  with  water  and  the  solvent  was  distilled  off.  The 
remaining  dark  semi-solid  oil  was  dissolved  in  a  mixture  of  benzene  and  petro¬ 
leum  ether  (1:5)  and  passed  through  25  g  aluminum  oxide.  After  distilling  off 
the  solvent  and  recrystallizing  the  residue  from  a  mixture  of  benzene  and 
alcohol  0.51  g  of  a  yellow  product  melting  at  I58-I60"  was  obtained.  The 
yield  of  10-chlor-5,4*-ace-l, 2-benzanthracene  (II)  is  50.2^  of  the  theoretical. 
After  2  recrystallizations  from  ethyl  acetate,  the  substance  having  the 
appearance  of  yellow  needles  melted  at  l60-l62* . 

7.066  mg  substance;  21.491  mg  CO2)  2.993  nig  H2O)  I.O58  mg  substance; 

0.180  ml  0.02  N  AgNOa.  Found  C  85. 00;  H  4.64;  Cl  12.28.  C20H13CI. 

Calculated  C  85. I8;  H  4.54;  Cl  12.28. 

5.  1,2-Benzanthracene  and  pl:psphorus_ pentabromide^  2.2  g  phosphorus 
pentabromide  were  added  to  a  benzene  solution  (15  ml)  of  1,2-benzanthracene 
(1  g)  in  a  flask  fitted  with  a  calcium  chloride  tube.  According  to  the  amount 
dissolved  the  reaction  mixture  acquired  a  reddish  brown  color,  which  quickly 
became  yellow  and  finally  light  yellow.  After  a  few  minutes  the  precipitation 
of  light  yellow  needle-shaped  crystals  began.  After  half  an  hour  the  px*ecipitate 
was  filtered  off.  0.5  g  of  a  substance  melting  at  151-152*  was  obtained.  After 
partial  evaporation  of  the  mother  liquor  another  0.6  g  of  substance  melting  at 
150-152*  was  separated.  The  yield  of  10-brom- 1,2 -benzanthracene  (III),  1.1  g, 
is  82^  of  the  theoretical.  After  crystallization  from  benzene  the  substance 
had  m.p.  15I-I52* .  It  gave  no  depression  of  the  melting  point  with  a  sample 
of  10-brom- 1,2 -benzanthracene  which  we  obtained  by  the  action  of  bromine  on 
1,2-benzanthracene.  According  to  the  literature,  10-brom-l, 2-benzanthracene 
melts  at  l47.5-l48.5* .  [4] 

The  picrate  of  the  bromide  has  m.p.  157-158*  (from  benzene). 

4.  9-Methyl-l, 2-benzanthracene  and  phosphorus  pentabromide.  I.87  g 
phosphorus  pentabromide,  introduced  into  a  benzene  solution  (25  ml)  of  1  g 
9-methyl-l, 2-benzanthracene,  was  completely  dissolved  in  I5  minutes.  After 
45  minutes  the  slightly  darkened  reaction  mixture  was  washed  with  water,  and 
the  solvent  was  partially  distilled  off.  0.6  g  of  a  pale  yellow  crystalline 
substance  melting  at  120-121.5*  was  isolated.  Another  0,08  g  crystals  melting 
at  120-122,5*  was  obtained  from  the  mother  liquor.  The  yield  of  9-niethyl-lO- 
brom-1, 2 -benzanthracene  (IV)  is  47.7^  of  the  theoretical.  The  substance  when 
recrystallized  from  benzene  melted  at  122-125* . 

The  preparation  of  9-ni^thyl-lO-brom-l, 2-benzanthracene  (m.p.  122-125*)  ty 
the  action  of  bromine  on  9-Diothyl-l, 2-benzanthracene  was  briefly  described  by 
Badger  and  Cook  [4]  without  indicating  the  yield  and  experimental  details.  We 


Ei 


shall  therefore  give  a  detailed  description  of  the  bromlnatlon  of  9-niethyl- 

1. 2- benzanthracene .  1.75  6  bromine  dissolved  In  15  ml  carbon  disulfide 

were  slowly  added  to  a  carbon  disulfide  solution  (30  ml)  of  2.5  g  9-niethyl- 

1. 2- benzanthracene  cooled  to  -5*.  Next  day  the  solvent  was  distilled  off, 
and  the  residue  was  crystallized  twice  from  benzene.  1.7  g  bromide  melting 
at  125-127*  was  obtained.  The  mother  liquors  were  evaporated,  the  residue 
was  dissolved  In  a  mixture  of  benzene  and  petroleum  ether,  and  the  solution 
passed  through  a  column  of  alumina.  The  residue  obtained  after  distilling 
off  the  solvents  from  the  first  portion  of  the  eluate  was  crystallized  from 
benzene.  0.39  g  9-niethyl-lO-brom-l, 2-benzanthracene  of  m.p.  119. 5-122®  was 
Isolated.  From  the  second  portion  of  the  eluate  a  residue  was  obtained  which 
was  very  slightly  soluble  In  hot  benzene.  After  crystallizing  It  from  a 
large  quantity  of  benzene,  0.1  g  of  a  colorless  finely  crystalline  substance, 
containing  bromine  and  melting  at  241-242®,  was  Isolated.  (This  substance 
was  not  Investigated  further).  The  main  bulk  of  the  bromide  (m.p.  125-127*) 
was  purified  by  a  chromatographic  method.  For  this  purpose  the  bromide  was 
dissolved  In  a  mixture  of  benzene  and  petroleum  ether  (ls3);  and  the  solu¬ 
tion  was  passed  through  a  column  of  alumina.  1.63  g  bromide  with  m.p.  120.5- 
123®  was  obtained.  The  yield  (2.02  g)  Is  6l^  of  the  theoretical. 

5.  10-Methyl-l, 2-benzanthracene  an(^  phosphorus  pentabromlde.  0.55  g 
phosphorus  pentabromlde  was  added  to  a  benzene  solution  (7  ml)  of  0.3  g 
10-methyl-l,2-benzanthracene .  After  a  few  minutes  the  phosphorus  pentabromlde 
dissolved  and  a  copious  precipitate  began  to  form.  0.2  g  of  a  substance 
melting  at  186-I9O®  (with  decomposition)  was  obtained.  0.05  g  of  a  substance 
with  the  same  melting  point  was  completely  separated  from  the  mother  liquor 
which  had  been  washed  with  water.  The  yield  of  10-bromomethyl-l, 2-benzan¬ 
thracene  (V)  Is  62.5^  of  the  theory.  The  substance,  twice  recrystalllzed  from 
benzene,  melted  at  197-198*  (with  decomposition)  and  gave  no  depression  with 

a  sample  of  10-broir  one tiyl-1, 2-benzanthracene  which  we  obtained  by  bromlnatlon 
of  10-methyl- 1,2 -benzanthracene  with  bromine  [3]. 

6.  10-Brom-l^ 2-benzanthracene  and  phosphorus  pentabromlde.  A  mixture  of 
1  g  10-brom-l, 2-benzanthracene,  1.55  g  phosphorus  pentabromlde  and  25  ml  dry 
benzene  was  left  at  room  temperature  for  3  days.  The  solution  was  washed  with 
water,  and  the  solvent  distilled  off.  The  residue  was  crystallized  from  a 
mixture  of  benzene  and  alcohol,  O.76  g  of  a  light  yellow  crystalline  product, 
melting  at  133-156*  (with  decomposition)  was  obtained.  After  a  few  crystalli¬ 
zations  from  the  same  solvents,  0.42  g  of  a  substance  melting  at  154-156*  (with 
decomposition)  was  Isolated.  The  yield  of  9jl0,10-trlbrom-9,10-dlhydro-l,2- 
benzanthracene  (VII)  was  27.6^  of  the  theoretical. 

5.177  nig  substance:  8.764  mg  CO2J  1.138  mg  HgOj  3.158  mg  substance: 

1.026  ml  0,02  N  AgNOa.  Found  C  46.20j  H  2.46j  Br  51,96.  CieHsBra. 

Calculated  C  46.29j  H  2. 583  Br  51.55. 

7.  10-Brom-l, 2-benzanthracene  and  bromine.  (a)  Without  a  catalyst.  1.1  g 
bromine  mixed  with  10  ml  carbon  disulfide  were  slowly  added  to  a  carbon 
disulfide  solution  (20  ml)' of  2  g  10-brom-l, 2-benzanthracene .  After  5  days 
the  carbon  disulfide  was  distilled  off.  The  residue  was  a  slightly  oily,  gray 
crystalline  product  weighing  2.65  g.  After  many  crystallizations  from  different 
solvents  It  was  possible  to  Isolate  only  0.1  g  of  a  colorless,  finely  crystal¬ 
line  substance  melting  at  196.5-198.5*  (with  decomposition).  According  to  the 
results  of  the  analysis,  the  substance  obtained  is  a  tetrabromo-derivative  of 

1.2- benzanthracene,  probably  9^ 10,10, x-tetrabrom-9, 10- iihydro-1, 2-benzanthracene . 


1.589  nig  substance;  0,4o4  ml  0.02  N  AgNOa.  Found  Br  58. 07.  Ci8HioBr4. 
Calculated  Br  58.55, 

(b)  With  a  catalyst.  I.67  g  bromine  diluted  with  15  ml  carbon  disulfide 
was  slowly  added  to  a  carbon  disulfide  solution  (^0  ml)  of  5  g  1,2-benzanthracene 
containing  5  drops  of  pyridine.  Next  day  the  carbon  disulfide  was  distilled  off, 
and  the  residue  weighing  4.4  g  was  crystallized  from  a  mixture  of  benzene  and 
alcohol,  5.26  g  9 ^ 10, lO-trlbrom-9, 10-dihydro- 1,2 -benzanthracene  melting  at 
147-152*  (with  decomposition)  were  obtained.  The  yield  was  71 •5^*  After  a 
second  crystallization  from  the  same  solvents  the  tribromlde  (1.7  g)  consisted 
of  light  yellow  prisms  melting  at  154-156*  (with  decomposition) , 

8.  Debromination  of  9 f 10 jlQ-tribrom-9,10-dihydro-l, 2-benzanthracene.  An 
acetone  solution  (25  mi)  of  6.5  g  9, 10, 10-trlbrom-9,i0-dihydro-l, 2-benzan¬ 
thracene,  containing  2  drops  of  pyridine,  was  boiled  on  the  water  bath  for  I.5 
hours.  On  cooling  the  partially  evaporated  solution,  0.28  g  of  a  crystalline 
precipitate  was  obtained,  which  melted  at  15I-I52*  and  did  not  give  any 
depression  of  the  melting  point  with  a  sample  of  10-brom-l,2-benzanthracerie. 

A  molecule  of  bromine  is  split  off  even  more  easily  from  the  tribromide  on 
heating  a  solution  of  it  in  pyridine,  (yield  97*5^)* 

9.  5,4* -Ace-1, 2-benzanthracene  and  phosphorus  pentabromide .  1  g  5,4* -ace- 

1, 2-benzanthracene  was  dissolved  in  50  ml  dry  benzene  and  heated  to  40* .  2  g 

phosphorus  pentabromide  were  added  to  the  saturated  solution.  The  color  of 
the  reaction  mixture  turned  from  yellowish-green  to  dark  brown.  Next  day  the 
solution  was  washed  twice  with  water  and  evaporated  to  diyness.  After  crystal¬ 
lizing  the  residue  several  times  from  benzene,  a  mixture  of  benzene  and  alcohol 
and  from  ethyl  acetate,  0.I5  g  lO-brom-5,4* -ace-1, 2-benzanthracene  (VI)  was 
obtained  in  the  form  of  yellow  rhombic  plates  melting  at  l65.5-l64.5* •  The 
yield  was  11.4^. 

6.557  mg  substance;  17.225  mg  CO25  2.205  n^g  H2O}  1.742  mg  substance: 

0.2608  ml  0.02  N  AgNOa.  Found  C  71.8lj  H  5.765  Br  25.93.  C20H13BT. 

Calculated  C  72.O85  H  5.935  Br  25.98. 

10.  5. 4 *-Ace-l. 2-benzanthracene  and  bromine.  O.67  g  bromine  diluted  with 
15  ml  carbon  disulfide  was  slowly  added  to  a  carbon  disulfide  solution  (55  ml) 
of  1  g  5,4* -ace-1, 2-benzanthracene.  The  reaction  mixture  was  left  for  5  days. 

The  solvent  was  then  distilled  off,  the  residue  (1.51  g) ,  which  was  strongly 
contaminated  with  resinous  products,  was  dissolved  in  a  mixture  of  benzene  and 
petroleum  ether  (1:1),  and  the  solution  was  passed  through  a  column  filled  with 
15  g  activated  alumina.  The  filtrate  was  evaporated,  and  the  residue  was 
crystallized  from  a  mixture  of  benzene  and  alcohol.  I.05  g  of  a  substance 
melting  at  I52-I58*  was  obtained.  After  two  recrystallizations  from  ethyl 
acetate,  0.6  g  of  bromide  melting  at  165. 5-164.5*  was  obtained,  which  consti¬ 
tutes  45.8^  of  the  theory. 

SUMMARY 

1.  Phosphorus  pentachlorlde  and  pentabromide  halogenate  compounds  of  the 
1,2-benzanthracene  series. 

2.  By  the  action  of  phosphorus  pentachlorlde  on  1,2-benzanthracene  or  5,4- 
ace-1, 2-benzanthracene  the  corresponding  10-chloro-  derivatives  are  formed. 

5.  The  action  of  phosphorus  pentabromide  on  1,2-benzanthracene,  9-ni6'thyl-, 
10-methyl-  and  5,4* -ace-1, 2-benzanthracene  is  similar  to  the  action  of  bromine 
on  these  hydrocarbons. 


4.  Phosphorus  i>entabroniide  reacts  with  10-brom- 1,2 -benzanthracene 
with  the  formation  of  9> 10, 10-tribrom-9,10-dihydro-l, 2-benzanthracene.  The 
reaction  with  bromine  in  the  presence  of  pyridine  proceeds  similarly. 
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SOME  NEW  PHOSPHQNIC  ESTERS  AND  THEIR  DERIVATIVES 


Gilm  Kamai  and  S.  Sh.  Basmanov. 

In  191^  A.  E.  Arbuzov  and  A.  A.  Dunin  [1]  investigated  the  action  of  halo¬ 
gen  substituted  carboxylic  esters  on  esters  of  phosphorous  acid.  The  authors 
studied  for  the  first  time  the  action  of  chloracetic  bromacetic,  3-bromopro- 
pionic  and  a-oromobutyric  esters  on  ethyl  phosphite.  They  obtained  a  homolo¬ 
gous  series  of  esters  of  phosphonic  acids. 

The  present  investigations  aimed  at  amplifying  the  experimental  material 
in  connection  with  phosphonic  esters  and  their  derivatives.  As  a  result  of 
experiments  carried  out  by  us,  the  following  phosphonic  esters  were  synthe¬ 
sized; 


(C3H7O)  2P“CHC00C2H5 
0  CH3 


B.  p. 

13^.5“135.5*  (10  mm) 


(C4H9O)  2l^CHC00C2H5 
0  CE3 
CH3 

(C3H70)2^(^C00C2H5 

li  tEs 

gH3 

(C4H90)2^(j:C00C2H5 
0  CH3 


B.  p. 

161. 5—162. 5*  (10  mm) 


13^ — 135*  (9  mm) 


l6o~l6l*  (9  mm) 


i.oUo  1.4238 


1.0228  1.4351 


1.0197  1.4258 


1.0095  1.^332 


We  prepared  the  above  phosphonic  esters  by  the  method  of  A.  E.  Arbuzov 
and  A.  A.  Dunin.  They  are  mobile  liquids  with  a  pleasant  smell,  and  are  solu¬ 
ble  in  many  organic  solvents.  By  the  action  of  aniline  or  p-toluldine  on 
these  esters,  crystalline  substances,  the  arylamldes  of  phosphonic  acids  of  the 
general  form 


RO 

RO 


^l^gHCONHC 
b  CH3 


or 


RO^ 

>I^CHC0NHCeH4CH3 
b  CH3 


were  isolated. 


In  19^6  some  phosphomalonates  were  first  isolated  by  one  [2]  of  us  in 
chemically  pure  condition.  Our  attempt  to  distill  the  newly  synthesized  di- 
isopropylphosphomalonic  and  diisobutylphosphomalonic  esters  at  4  mm  was  not 
successful j  at  this  pressure  decomposition  occurs. 

By  the  action  of  aniline  or  toluidine  on  the  above  non-dlstllled  esters, 
arylamldes  of  phosphomalonic  acids  of  the  following  general  forms  were  ob¬ 
tained: 


RO 


CCNHCeHs 
1 '  \ 

0  CONHjgHs 


RO, 


and 


RO 


CONHC6H4CH3 

-CH 

CCNHC6H4CH3 
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I  We  also  performed  experiments  on  the  study  of  the  action  of  alcoholic 
ammonia  on  phosphonic  acidsj  we  thus  found  that  ethyl  a-diisopropylphospho- 

|j  propionate  does  not  react  with  alcoholic  ammonia  on  heating  in  a  sealed  tube 
on  the  water  bath.  Diethyl  diisopropylphosphomalonate  reacts  with  alcoholic 
:  ammonia,  breaking  the  P-C  bond  and  forming  a  malonamide. 

EXPERIMENTAL 

Preparation  of  ethyl  a-diisopropylphosphopropionate .  17  g  freshly  dis- 

II  tilled  isopropyl  phosphite  and  I5  g  ethyl  a-bromopropionate  were  put  into  a 
distilling  flask.  On  heating  the  flask  on  an  oil  bath  to  l40“  the  reaction 
mixture  was  observed  to  boil  up  and  ethyl  bromide  distilled.  The  contents  of 

ij  the  flask  were  then  heated  to  190*.  The  substance  remaining  in  the  flask 

'  was  distilled  in  vacuo.  On  distillation  a  9.8  g  fraction  boiling  at  13^-137* 

at  10  mm  was  obtained.  On  distilling  this  fraction  a  second  time,  a  fraction, 
in  all  8.8  g,  boiling  within  one  degree,  134.5-135*5*  at  10  mm,  was  isolated. 

!  Ethyl  a-diisopropylphosphopropionate  is  a  transparent  liquid  with  a  pleasant 
'  smell. 

do^  1.0440;  n^^  1.4238j  MRj)  64.98;  computed  65.52. 

0,2121  g  subst.;  42.06  ml  NaOH  (1  ml  NaOH  =  0.5991  nig  P) .  Found 

P  11.87.  C11H23O5P.  Computed  P  11. 65. 

Preparation  of  ethyl  a-diisobutylphosphopropionate .  A  mixture  of  13  g 
isobutyl  phosphite  and  9*5  g  ethyl  a-bromopropionate  was  heated  at  190*  for 
2  hours.  At  this  temperature,  isobutyl  bromide  separated  from  the  reaction 
I  mixture.  The  remaining  portion  was  distilled  at  10  mm  and  the  following  frac¬ 
tions  were  obtained:  1:50-95*,  3-5  g;  11^95-155*,  5-0  g;  III :156-l65* ,  9.I  g. 

On  distilling  the  third  fraction  a  second  time  a  substance  boiling  at  161.5- 
162,5*  at  10  mm  was  isolated.  The  ester  obtained  is  a  colorless  liquid,  solu¬ 
ble  in  benzene  and  ether. 

dg  I.038O;  djs  1.0228;  nj^  1.4351;  MRp  75-02;  computed  74-75- 

0.1394  g  subst.:  24.73  ml  NaOH  (1  ml  NaOH  =  0.5991  mg  P) .  Found 

P  10.62.  CisEpyOsP.  Computed  P  10.54. 

Preparation  of  ethyl  a-diisopropylphosphoisobutyrate^  From  I6  g  iso¬ 
propyl  phosphite  and  12  g  ethyl  a-bromoisobutyrate,  ethyl  a-dlisopropylphos- 
pho isobutyrate  with  b.p.  134-135*  at  9  mm  was  obtained  by  a  similar  method  to 
the  above  by  heating  to  210*. 

Ethyl  a-diisopropylphosphoisobutyrate  is  a  colorless  liquid  with  a  pleasant 
smell. 

dgs  1.0197;  ni^  I.4258;  MRd  70.32;  computed  70.l4. 

0.1095  g  subst.:  21.06  ml  NaOH  (1  ml  NaOH  =  0.5991  mg  P).  Found  P  10.95- 

C12H25O5P.  Computed  P  11.07- 

Preparation  of  ethyl  a-diispbutylphosphoisobutyrate ._  17  g  isobutyl  phos¬ 

phite  and  13  g  ethyl  a-bromoisobutyrate  were  heated  on  an  oil  bath  at  200-210* 
for  2  hours,  un  distilling  the  reaction  mixture  a  fraction  boiling  at  16O- 
161"  at  9  mm  was  isolated.  Ethyl  a-diisobutylphosphoisobutyrate  is  a  mobile 
liquid  of  unpleasant  smell. 
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dg  1.0211;  1.0095;  njs  1>532;  MRd  79-32;  computed  79.57. 

0.1055  g  subst.;  17.89  ml  NaOH  (1  ml  NaOH  =  0.5702  mg  P) .  Found 

P  9  86.  C14H29O5P.  Computed  P  IO.06. 

Action  of  diethyl  bromomalonate  on  isopropyl  phosphite.  The  reaction  of 
diethyl  bromomalonate  with  triisopropyl  phosphite,  in  contrast  to  the  reaction 
of  the  latter  with  ethyl  a-bromoproplonate  and  bromoisobutyrate  proceeds 
fairly  easily. 

10  g  iscpropyl  phosphite  were  put  in  a  distilling  flask  and  then  11. g 
bromomalonic  ester  were  added  in  portions  with  cooling.  The  reaction  pro¬ 
ceeds  with  the  evolution  of  heat.  Then  the  contents  of  the  flask  were  heated 
for  50  minutes  on  the  water  bath.  Isopropyl  bromide  was  evolved  quantitatively. 

An  attempt  to  distill  part  of  the  resialTiing  clear  liquid  did  not  lead  to  posi¬ 
tive  results.  At  l62“  and  4  mm  decomposition  of  the  substance  set  in.  Another 
part  of  the  colorless  liquid  from  the  reaction  was  analyzed  in  the  undistilled 
state.  The  substance  was  similar  in  external  appearance  to  a  preparation  ob¬ 
tained  previously  by  one  of  us  [2]. 

do^  1.1208;  n^^  1.4421;  MRp  76. 5O;  computed  76. 4l. 

0.0902  g  subst.'.  13’54  «1  NaOH  (1  ml  NaOH  =  0.5991  nag  P) .  Found 

P  8.99.  C13H25O5P.  Computed  P  9.56. 

Preparation  of  diisobutylphosphomalonic  ester.  10. 9  g  bromomalonic  ester 
were  added  slowly  through  a  dropping  funnel  to  11.5  g  triisobutylphosphite . 

The  reaction  proceeded  with  considerable  evolution  of  heat.  After  distilling 
off  the  isobutyl  bromide  at  40  mm  the  substance  remaining  in  the  flask  was  ana¬ 
lyzed,  Diisobutylphosphomalonic  ester  is  a  colorless  liquid  with  a  pleasant 
smell.  i 

dgs  1.0987:  nj^  1.4448;  MRd  86.17;  computed  85-64. 

0.095^  g  subst.;.  13.47  ml  NaOH.  Found  P  8.46.  C15H29O7P.  Com¬ 

puted  P  8.80. 

According  to  the  analytical  data,  the  ester  obtained  is  not  a  pure  compound. 

Preparation  of  a-diisopropylphosphopropionanllide .  A  mixture  of  4  g  ethyl 
a-dilsopropylphosphopropionate  and  1.4  g  freshly  distilled  aniline  were  heated 
in  a  flask  with  reflux  condenser  on  an  oil  bath  for  20  minutes.  On  cooling, 
the  contents  of  the  flask  crystallized.  After  several  crystallizations  1.1  g 
of  a  substance  melting  at  213-214“  was  obtained. 

0.0601  g  subst.;  10.8  ml  NaOH.  (1  ml  NaOH  =  O.5698  mg  P) .  Found 

P  10.24.  C15H24O4NP.  Computed  P  9.91. 

Preparation  of  a-dlisobutylphosphoproplonanllide .  a-Dlisobutylphospho- 
propionanilide  was  obtained  by  the  interaction  of  2  g  ethyl  a-dlii^obutylphos- 
phopropionate  and  0.8  g  aniline.  After  recrystallization  the  m  p.  was  217-218“. 

0.0612  g  subst.;  9.85  ml  NaOH.  Found  P  9. 17-  C17H28O4NP. 

Computed  P  9-09- 

Preparation  of  a-diisopropylphosphoproplon-p-toluidide .  The  corresponding 
toluidide  was  obtained  from  4  g  ethyl  a-diisopropylphosphopropionate  and  1.6  g 
p-toluidine  by  heating  for  a  short  time.  After  recrystallization  from  benzene 
the  crystals  melted  at  172“ . 
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0.0821  g  subst:  13.72  ml  NaOH.  Found  P  9-52.  C16H26O4NP. 

Computed  'jfc:  P  9-48. 


Preparation  of  a-dllsobutylphosphoproplon-p-toluldlde .  By  heating  4  g 
ethyl  a-dilsobutylphosphopropionate  and  1.^  g  p-toluidlne  for  20  minutes  the 
toluidlde  was  obtained  in  a  finely  crystalline  state  M.p.  of  the  crystals 
178*. 


0.0962  g  sub St.:  14.92  ml  NaOH. 
Computed  P  8,72. 


Found  P  8.85.  C18H30O4NP. 


Preparation  of  diisopropylphosphomalonanilide.  By  heating  5  g  diethyl 
diisopropylmalonate  and  1.7g  aniline  on  an  oil  bath  the  anilide  was  obtained 
in  crystalline  form.  M.p.  I68* . 

0.0684  g  subst.:  9.16  ml  NaOH  (1  ml  NaOH  =  O.5898  mg  P)  Found 

P  7.62.  C21H2TO5N2P  Computed  P  7.4l. 

Preparation  of  diisobutylphosphomalonanilide .  A  mixture  of  4  g  diethyl 
diisobutylphosphomalonate  and  2.1  g  aniline  were  heated  on  an  oil  bath  at 
I5O-I8O* .  On  cooling,  the  contents  of  the  flask  crystallized.  After  recrys¬ 
tallization  from  benzene,  crystals  melting  at  IO8®  were  obtained. 

0.0672  g  subst.:  10.24  ml  NaOH  (1  ml  NaOH  =  0.5991  mg  P) •  Found 

P  7*03.  C23H31O5N2P.  Computed  P  6.95* 

Preparation  of  dlisopropylphosphomalon-p-toluidide .  A  crystalline  substance 
melting  at  173-174®  was  obtained  by  the  interaction  of  2.6  g  p-toluidine  and  4  g 
diethyl  diisopropylphosphomalonate . 


0.0856  g  subst.:  10.22  ml  NaOH.  Found 
Computed  P  6.95- 


P  6.80.  C23H31O5N2P. 


Preparation  of  diisobutylphosphomalon»p»toluid'ide .  The  toluidlde  was  ob¬ 
tained  by  heating  5  g  diethyl  diisobutylphcsphomalonate  and  3  g  p-toluidine. 
Crystals  with  m.p.  117-118®. 


0.0587  g  subst.:  6.78  ml  NaOH.  Found 
Computed  P  6.54. 


P  6.4l.  C25H35O5N2P. 


Action  of  ammonia  on  diethyl  diisopropylphosphomalonate.  15  ml  absolute 
alcohol  were  poured  into  a  glass  tube,  and  then  saturated  with  ammonia  with 
external  cooling.  5  g  diethyl  a-diisopropylphosphomalonate  were  poured  into 
the  ammoniacal  solution  The  tube  was  sealed  and  -left  to  stand  for  24  hours. 
Next  day  crystals  were  observed  in  the  tube.  M.  p.  of  the  crystals  was  17O® . 
According  to  the  analytical  results,  the  crystals  were  the  amide  of  the  malonic 
acid. 

Action  of  ammonia  on  ethyl  a-diisopropylphosphopropionate .  I5  ml  absolute 
alcohol  saturated  at  -10®  with  gaseous  ammonia,  and  12. 5  g  ethyl  a-diisopro- 
pylphosphopropionate  were  heated  in  a  sealed  tube  of  hard  glass  for  6  hours  on 
the  water  bath.  On  distilling  the  reaction  mixture  the  original  products 
were  obtained. 


SUMMARY 

1.  Ethyl  a-dialkylphosphopropionates,  a-dialkylphosphoisobutyrates  and 
dialky Iphosphomalonates  were  synthesized  and  studied  . 

2.  By  the  action  of  aniline  or  p-toluidine  on  the  above  esters,  the 
Corresponding  arylamides  of  the  phosphonic  acids  were  prepared  and  studied. 


5.  It  wa  found  that  ammonolysis  of  phosphomalonic  ester  causes  rupture 
of  the  P-C  bond  and  formation  of  the  amide  of  malonic  acid. 
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R-ARYIAMTDES  OF  HYDROXYCARBOXYLIC  ACIDS  AND 
THEIR  CONVERSION  INTO  HETEROCYCLIC  COMPOUNDS 


X,  THE  EQUILIBRIUM  BETWEEN  CARBONIUM  AND  ESTER  FORMS  IN 
COLORED  SULFURIC  ACID  SOLUTIONS  OF  ARYLAMIDES  OF  HYDROXYCARBOXYLIC  ACIDS 


P.  A.  Petyunin 


Arylamides  of  hydroxycarboxylic  acids,  In  which  the  aromatic  radicals  are 
attached  to  the  carhinol  carbon  atom,  have  the  effect  of  a  halochrome.  This 
phenomenon  is  shown  by  the  fact  that  on  solution  in  cone,  sulfuric  acid  or  on 
addition  of  the  latter  to  solutions  of  arylamides  in  benzene,  chloroform, 
acetic  acid  and  other  solvents,  colored  solutions  are  formed. 

At  the  first  moment  when  cone,  sulfuric  acid  is  added  to  an  arylamide, 
an  oxonium  compound  [1]  is  formed  on  account  of  the  alcoholic  hydroxyl  of 
the  arylamide,  as  was  shown  by  V.  V.  Chelintsev  [1]  for  alcohols.  Water  splits 
off  from  the  oxonium  compound,  and  a  complex  ester  of  sulfuric  acid  is  formed  (ll) 


Ai — N»— CO-“C(OH)Ar2  +  H2SO4 


-NH— CO— CAr2 

I  /H 

HO3SO'''  '''H 

(I) 


H2O  +  ki — NH— CO— C(0S03H)Ar2 

(II) 


(A) 


The  complex  ester  is  further  ionized  according  to  the  equation: 

Ai — NH— CO— C(0S03H)Ar2  ^  [Ai — NI^-CO— CAr2]S04H:  (B) 


Arylamides  of  aliphatic  and  aliphatic-aromatic  acids  do  not 
give  any  coloration  in  cone,  sulfuric  acid.  The  cation  (III) 
formed  by  the  dissociation  of  the  ester  is  the  color  carrier  of 
the  halochrome  salt  of  arylamides  of  hydroxycarboxylic  acids. 

In  contrast  to  the  known  cases  of  halochromism,  the  aryla¬ 
mides  give  unstable  halochrome  salts:  the  coloration  formed 
on  the  addition  of  cone,  ^^ulfuric  acid  disappears  completely  on 
standing  or  on  heating.  This  is  explained  by  an  Intramolecular 
condensation. 


(iiij 


The  nature  of  the  substituent  groups  and  their  position 
exert  a  great  Influence  on  the  basicity  of  the  arylamides.  The 
substituents  in  the  radical  on  the  nitrogen  are  not  connected 
by  a  conjugate  link  to  the  carbinol  carbon,  and  do  not  affect 

the  capacity  of  the  arylamides  to  form  halochrome  salts  with  mineral  acids.  The 
substituents  in  the  radicals  on  the  carbinol  carbon  greatly  affect  the  basic 
properties.  For  example,  the  anilide  of  4,  4*  -dimethoxydiphenylglycollic  acid 


forms  a  halochrome  salt  with  k2’^  aqueous  sulfuric  acid.  The  increase  in  the 
basic  character  and  the  deepening  of  the  color  of  the  halochrome  salt  (batho- 
chrome  effect)  may  be  explained  by  the  presence  in  the  cation  of  a  link  with 
the  oxygen  atom  of  the  methoxy  group. 

The  complex  ester  formed  from  sulfuric  acid  and  the  arylamide,  and  the 
carbonium  (halochrome)  salt  must  be  in  a  state  of  equilibrium  (B) . 

The  presence  of  equilibrium  between  the  salts  formed  from  trlphenylcar- 
binol  and  strong  mineral  acids  was  first  established  by  Hantzsrh  [2]: 

ArgC— X  ^  [ArgCjX 
pseudo  salt  true  salt 
(colorless)  (colored) 

This  equilibrium  was  studied  quantitatively  by  him  with  the  help  of 
colorimetric  and  spectrophotometric  methods  for  very  dilute  solutions  of 
[(C6H5)3C]C104. 

According  to  Hantzsch  [3],  very  dilute  solutions  of  [ (C6H5)3C ]C104  follow 
not  the  law  of  mass  action,  but  Beer*s  law,  i.e.  the  equilibrium  does  not  vary 
with  the  quantity  of  solvent.  On  the  other  hand,  Livshits  [4]  shows  that  from 
the  physico-chemical  point  of  view  equilibria  which  do  not  obey  the  law  of 
mass  action  do  not  exist. 

We  suggested  that  quantitative  results  of  the  equilbrium  could  also  be 
obtained  by  chemical  methods.  We  set  ourselves  the  task  of  determining  quan¬ 
titatively  by  a  chemical  method  the  equilibrium  between  the  colored  and  color¬ 
less  forms  in  sulfuric  acid  solutions  of  the  arylamides  of  a-hydroxycarboxy- 
lic  acids.  The  work  was  based  on  Hantzsch* s  observation  [2]  that  the  benzene 
residues  in  (Ar3C)X  are  **  analytically  camouflaged"  and  do  not  enter  into 
reactions  characteristic  of  aromatic  hydrocarbons,  such  as  nitration,  bro- 
mination  etc.  Thus,  the  arylamido  group  of  the  colorless  (ester)  form,  but  not 
of  the  colored  (carbonium)  form,  must  enter  into  the  chemical  reaction. 

The  method  of  brominatlon,  which  was  successfully  used  for  the  study  of 
keto-enol  equilibrium  [5],  proved  to  be  suitable  also  for  our  compounds.  It 
was  first  necessary  to  show  the  applicability  of  this  method  to  the  quantita¬ 
tive  determination  of  arylamides.  For  this  work  a  solution  of  bromine  in 
glacial  acetic  acid,  the  concentration  of  which  was  estimated  iodometrically, 
and  a  solution  of  1  g  3-naphthalide  of  benzilic  acid  in  110  ml  glacial  acetic 
acid  were  used. 

The  equivalent  of  3-naphthallde  was  calculated  from  the  equation: 

CioH7NHC0C(0H)(C6H5)2  +  Bra  — CioHeBrNHCOC  toH)  (C6H5)2  +  HBr 

Excess  of  standard  bromine  solution  was  added  to  10  ml  of  a  solution  of  the 
3-naphthalide  of  benzilic  acid.  After  the  lapse  of  a  certain  time  6  ml  10^  KI  sol 
ution  were  added,  and  the  liberated  iodine  was  back  titrated  with  O.O5  N  Na2S203. 

It  is  seen  from  Table  1  that  brominatlon  is  practically  complete  in  3  minutes 
(fotmd  98. 93^^  experiment  No.  2).  Taking  the  last  six  experiments,  the  average 
error  is  0.67^.  There  is  thus  no  doubt  that  it  is  possible  to  use  the  method  of 
brominatlon  for  the  quantitative  determination  of  the  3-naphthalide  of  benzilic 
acid. 


Table  1 


No. 

of 

exper¬ 

iment 

Time  of 

reaction 

(minute^ 

Amount  of  O.O5  N 

Br2  solution  used 
in  bromination  (ml) 

Substance 

found 

(g)  j 

1 

w 

1 

1 

9.74 

1 

0.08595  i 

95.41 

2 

3 

10.1 

0.08913  i 

98.93 

5 

5 

10.19 

0.09079 

99.8 

4 

10 

10.11 

0.0892  ! 

99.01 

5 

20 

10.16 

0.08966  ^ 

99.52 

6 

50 

10.16 

0.08966  i 

99.52 

7 

4o 

10.16 

0.08966 

99.52 

To  study  the  equilibrium  it  was  necessary  to  take  an  arylamide  which  would 
brominate  sufficiently  quickly,  and  the  halochrome  salt  of  which  on  conversion  to 
the  oxindole  derivative  would  be  sufficiently  stable.  The  arylamide  chosen  for 
this  was  the  3-naphthalide  of  4,4*-diirethoxydlphenylglycolic  acid. 

Method  of  procedures  a  quantity  of  cone . sulfuric  acid,  differing  according  to 
the  point  of  the  experiment,  was  added  to  10  ml  of  a  solution  of  the  P-naphthallde 
in  glacial  acetic  acid.  Excess  of  a  standard  bromine  solution  was  added  to  the 
intense  red  solution.  After  3  minutes  the  bromine  which  had  not  entered  into  the 
reaction  was  determined  as  indicated  above.  A  blank  experiment,  in  which  the  solu¬ 
tion  of  3-naphthalide  was  replaced  by  an  equal  volume  of  glacial  acetic  acid,  was 
carried  out  at  the  same  time.  In  addition,  the  quantity  of  iodine  liberated  by  the 
cone . sulfuric  acid  was  determined.  A  correction  was  introduced  into  the  calculation 
on  a  basis  of  the  results  of  the  blank  experiment.  The  results  obtained  are  given 
in  Table  2. 

_ Table  2 _ 


No.  of 
exper¬ 
iment 

Amount  of 
H2SO4 
(in  moles) 

Amount  of  0,05 

N  Br2  solution 
consumed  in  the 
bromination  (ml) 

Substance  ! 

.0  ..  j  /  N 

Computed  (%) 

iounu  ■ 

^rNHC0C(0S03H)Ar2 

[  ArNHC0CAr2  ] '^S04H" 

1 

8 

6.44 

0.06665  1 

81,48 

18.52 

2 

16 

6.11 

0.06342  ; 

77.53 

22.47 

3 

24 

5.2 

0.05382  i 

65.74 

34.26 

4 

32 

4.7 

0 . 04865 

59.41 

40.59 

5 

35 

6.2J _ 

0,06427  j 

62.55 

37.45 

6 

42 

.-"-"^.52 

0.06748  1 

65.66 

34.34 

7  49  ''  7o77  0.08042  ‘  78.25  ‘  .  21,75 

Note:  The  experiments  were  carried  out  at  19“ j  H2SO4,  s,g.  l,8l;  i  ml  O.O5  N  Br2  sol¬ 
ution  corresponds  to  0.01035  g  3-naphthalide.  In  experiments  1-4  a  solution  containing 
0.08187  g  3-naphthalide  in  10  ml  was  used,  but  in  experiments  5-7^  0,1028  g. 

Theoretically  it  may  be  assumed  that  in  the  reaction  medium  it  will  be 
possible  to  find  the  arylamide,  its  sulfate,  halochrome  salt  and  naphthox Indole 
derivative.  The  last  two  are  not  brominated:  in  the  halochrome  salt  the  3-naph¬ 
thalide  residue  is  "analytically  camouflaged",  but  in  the  naphthoxindole  derivative 
the  reactive  a-position  is  used  in  closing  the  hetero-ring. 

If  it  is  taken  into  consideration  that  the  haloclirome  salt  of  the  3-naph¬ 
thalide  of  4,4*-dimethoxydiphenylglycolic  acid  shows  considerable  stability  to  intra¬ 
molecular  rearrangement,  the  condensation  product  formed  in  very  small  quantity  dur¬ 
ing  the  course  of  the  experiment  can  be  neglected. 

From  the  above  data  it  can  be  seen  that  part  of  the  arylamide  taken  is  not 
brominated.  This  is  precisely  the  part  that  exists  as  carbonium  salt. 
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At  the  beginning  of  the  addition  of  sulfuric  acid  to  the  arylamlde  an  equilib¬ 
rium  system  is  formed  which  contains  arylamlde,  its  complex  sulfuric  ester,  and  a 
carbonium  salt.  On  Increasing  the  quantity  of  sulfuric  acid,  the  equilibrium  is 
displaced  to  the  side  of  the  complex  ester,  which  in  its  turn  causes  a  further 
shift  of  equilibrium  to  the  side ''of  the  carbonium  salt.  This  action  of  the  sulfuric 
acid  will  develop  until  maximum  esterification  of  the  arylamide  is  reached,  which 
will  correspond  to  the  greatest  content  of  carbonium  salt  in  the  equilibrium  system. 
This  answers  to  the  conditions  of  experiment  No.  4, 

The  results  for  the  quantitative  percentage  of  the  ester  (colorless)  form  up  to 
experiment  No,  4  also  include  an  undetermined  amount  of  non-ester if led  arylamide. 
Starting  from  experiment  No.  4,  the  increase  in  quantity  of  sulfuric  acid  will  be 
for  the  system  ester  carbonium  salt  (scheme  2),  because  there  will  no  longer 

be  any  free  arylamide  in  the  reaction  mixture.  In  this  case,  dissociation  must  be 
suppressed  and  the  equilibrium  will  be  displaced  to  the  left.  This  is  in  complete 
agreement  with  our  experimental  results. 

Addition  of  absolute  ether  gives  complete  dissociation  and  moves  the  equilib- 
rium  to  the  left.  On  evaporation  of  the  ether,  the  carbonium  salt  is  formed  again, 
and  a  red  coloration  appears. 

SUMMARY 

It  was  shown  that  in  colored  sulfuric  solutions  of  arylamides  of  hydroxycarbox- 
yllc  acids  there  is  equilibrium  between  the  ester  (colorless)  and  carbonium  (colored) 
forms.  An  attempt  was  made  to  use  a  chemical  method  for  the  quantitative  determina¬ 
tion  of  these  forms  in  an  equilibrium  system,  and  the  influence  of  the  amount  of 
sulfuric  acid  on  the  latter  was  also  studied. 
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PHOTOREACTIONS  OF  ORGAN OMETALLIC  COMPOUNDS  OF  MERCURY 


IN  SOLUTIONS 


VIII,  REACTIONS  IN  MIXED  SOLVENTS 


G.A.  Razuvaev  and  Yu. A.  Oldekop 

In  a  previous  paper  we  put  forward  the  hypothesis  that  in  photo-reactions 
with  organometallic  compounds  of  mercury  the  first  stage  is  their  dissociation  into 
radicals : 

RaHg  +  hv  — V  RHg-  +  R-  j 


the  radicals  formed  react  further  with  the  solvent.  If  the  chosen  solvent  contains 
halogen  and  hydrogen,  the  RHg-radical  combines  with  the  halogen  of  the  solvent  to 
form  RHgX,  and  the  R-radical  breaks  off  the  hydrogen  and  is  converted  into  the 
hydrocarbon  RH. 


It  seemed  interesting  to  us  to  carry  out  experiments  with  mercury  diphenyl, 
using  as  solvent  a  mixture  of  two  components  of  which  only  one  contained  halogen. 
The  following  mixtures  were  taken  for  the  photoreactions:  carbon  tetrachloride  and 
methanol,  carbon  tetrachloride  and  ethyl  cellosolve,  hexachlorethane  and  methanol, 
perchlorethylene  and  methanol,  ethyl  bromide  and  methanol. 


In  carrying  out  the  photoreaction  of  mercury  diphenyl  it  could  be  expected 
that  the  mercury  diphenyl  would  react  with  one  of  the  components  of  the  solvent,  as 
for  example: 

2(C6H5)2Hg  +  2CCI4  2C6H5HgCl  +  CaCle  +  2C6H5CI,  (1) 

(C6H5)2Hg  +  CH3OH  2C6He  +  Hg  +  CHgO,  (2) 

or  with  both  simultaneously.  In  the  latter  case  the  reaction  products  would  con¬ 
sist  of  phenyl  mercury  chloride,  hexachlorethane,  benzene  and  formaldehyde.  The 
quantities  of  separate  reaction  products  would  depend  on  the  proportion  of  methyl 
alcohol  and  carbon  tetrachloride  in  the  mixture  and  on  the  rates  of  the  reactions 
(1)  and  (2). 


The  experimental  results  obtained,  however,  were  otherwise.  In  the  case  of  the 
chosen  example,  phenyl  mercury  chloride,  benzene,  hexachlorethane  and  formaldehyde 
were  isolated  as  a  result  of  the  photoreaction.  The  composition  of  the  resulting 
reaction  products  remains  the  same  when  the  ratio  of  methyl  alcohol  to  carbon  tetra¬ 
chloride  is  changed  from  1:1  to  20:1.  In  general  form  the  reaction  proceeds  accord¬ 
ing  to  the  equation: 

2(C6H5)2Hg  +  2CCI4  +  CH3OH  — 2CeH5HgCl  +  C2CI6  +  2C6H6  +  CH2O 

Experiments  carried  out  with  other  mixtures  gave  an  absolutely  analogous  picture: 
the  CeHsHg-radical  reacted  with  the  halogen,  but  the  phenyl  radical  gave  benzene. 

The  photoreaction  of  mercury  diphenyl  with  carbon  tetrachloride  and  ethyl  cellosolve 
led  to  the  formation  of  phenyl  mercury  chloride,  hexachlorethane,  benzene  and  acet¬ 
aldehyde.  Phenyl  mercury  chloride  and  benzene  were  obtained  in  the  reaction  of  mer¬ 
cury  diphenyl  with  hexachlorethane  and  methyl  alcohol,  and  also  with  perchlorethyl¬ 
ene  and  methyl  alcohol.  From  the  photoreaction  of  mercury  diphenyl  with  ethyl  bro¬ 
mide  and  methyl  alcohol,  phenyl  mercury  bromide,  benzene  and  formaldehyde  were  iso¬ 
lated.  The  formation  of  benzene  could  be  ascribed  to  the  reaction  of  the  phenyl 
radical  with  ethyl  bromide,  but  the  presence  of  formaldehyde  shows  that  methyl 
alcohol  took  part  in  the  reaction. 


G.A. Razuvaev  and  Yu. A. Oldekop,  J.Gen.Chem.,  19,  736,  l483  (19^9)  •  (See  Consult¬ 
ants  Bureau  English  Translation,  pp.  711  and  1485). 
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To  explain  the  mechanism  of  the  process,  experiments  were  performed  involving 
exposure  of  the  mixture  of  methyl  alcohol  and  carbon  tetrachloride  to  light.  It  was 
found  that  in  this  case  hydrogen  chloride  was  liberated.  The  formation  of  phenyl 
mercury  chloride  and  benzene  could  therefore  take  place  on  account  of  the  action  of 
hydrogen  chloride  on  the  mercury  diphenyl.  However,  the  quantity  of  it  isolated  in 
a  parallel  experiment  was  not  sufficient  for  complete  decomposition  of  the  mercury 
diphenyl.  It  may  be  suggested  that  the  reaction  takes  place  according  to  a  radical 
mechanism,  but  it  is  not  clear  what  the  primary  reaction  is.  It  is  possible  that 
mercury  diphenyl  may  dissociate  into  radicals,  as  was  shown  earlier,  or  the  carbon 
tetrachloride  may  dissociate  first.  Of  course,  the  simultaneous  occurrence  of  both 
reactions  is  not  excluded. 

EXPERIMENTAL 

The  reactions  were  carried  out  in  quartz  tubes  l8  mm  in  diameter  exposed  to 
light  from  a  quartz  mercury  vapor  lamp.  (Original  Hanau,  Hohen  Sonne) . 

>fercury  diphenyl,  carbon  teJ^racMoride  and  methyl  alcohol.  A  solution  of  2.0  g 
mercury  diphenyl  in  10  ml  methyl  alcohol  and  10  ml  carbon  tetrachloride  was  illumin¬ 
ated  for  4  hours.  A  precipitate  of  phenyl  mercury  chloride  separated  at  the  bottom 
of  the  test  tube,  sind  was  filtered  off  and  recrystallized  from  acetonej  1.5  g  of  a 
substance  was  obtained,  with  m.p.  257*  and  giving  no  depression  with  pure  phenyl 
mercury  chloride.  The  filtrate  was  distilled  on  the  water  bath,  and  the  distillate  was 
diluted  with  water.  The  lower  layer  was  separated  and  nitrated,  whereby  m-dinitro- 
benzene  was  obtained  with  m.p.  89*  (from  alcohol),  and  without  depression  with  the 
pure  substance.  The  aqueous  layer  gave  a  reaction  for  aldehyde  (mirror).  The  resi¬ 
due  after  distillation  of  the  so] vent  was  distilled  in  steamj  a  white  substance 
with  an  odor  of  pine  oil  solidified  in  the  condenser.  After  subliming  it  over  con¬ 
centrated  sulfuric  acid  it  had  m.p.  I85*  in  a  closed  capillary,  without  depression 
with  pure  hexachlorethane . 

The  residue  after  the  steam  distillation  gave  another  0,2  g  phenyl  mercury 
chloride  with  m.p.  257*  after  two  recrystallizations  from  acetone.  There  was  no  de¬ 
pression  of  the  melting  point  with  pure  phenyl  mercury  chloride.  In  this  way,  alto¬ 
gether  1,7  g  phenyl  mercury  chloride  was  obtained,  which  is  97^  of  the  theoretical 
quantity. 

The  same  experiment  was  carried  out  with  a  smaller  quantity  of  carbon  tetra¬ 
chloride.  A  solution  of  2.0  g  mercury  diphenyl  in  1  ml  carbon  tetrachloride  and  20 
ml  methyl  alcohol  was  illuminated  for  5  hours.  The  precipitate  was  filtered  offj 
weight  1.55  Sf  or  89^  of  the  theoretical  quantity,  m.p.  255“ ^  without  depression 
with  pure  phenyl  mercury  chloride. 

The  filtrate  was  distilled,  and  the  distillate  was  diluted  with  water.  The 
aqueous  layer  gave  a  reaction  for  aldehyde  (mirror) j  in  addition,  the  dimedone 
derivative  of  formaldehyde  with  m.p.  l88*  was  obtained.  The  lower  layer,  containing 
the  solvent,  was  nitrated,  and  m-dinitrobenzene  was  obtained  with  m.p.  89*,  without 
depression  with  the  pure  substance.  After  distilling  off  the  solvent  the  residue 
was  recrystallized  from  benzene  and  had  m.p.  121®,  without  depression  with  pure  mer¬ 
cury  diphenyl,  weight  O.I9  g,  or  9»5^  of  the  theoretical  quantity. 

Mercury  diphenyl,  caurbon  tetrachloride  and  ethyl  cellosolve.  A  solution  of  2.0 
g  mercury  diphenyl  in  10  ml  carbon  tetrachloride  and  10  ml  ethyl  cellosolve  was  illu¬ 
minated  for  5  hours.  The  precipitate  of  phenyl  mercury  chloride  was  filtered  off, 
and  1.42  g  was  obtained  with  m.p.  255*  and  gave  no  depression  with  pure  phenyl 
mercury  chloride.  The  filtrate  was  distilled  and  the  distillate  was  diluted  with 
water.  The  carbon  tetrachloride  layer  was  nitrated,  and  after  distillation  m-dlni- 
trobenzene  was  isolated,  with  m.p.  88*  and  gave  no  depression  with  the  pure  sub¬ 
stance.  The  aqueous  layer  gave  a  reaction  for  aldehyde  (mirror).  The  residue  from 
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the  distillation  was  phenyl  mercury  chloride  with  m.p.  251*  after  one  recrystalliza¬ 
tion  from  acetone,  and  gave  no  depression  with  the  pure  substance;  weight  0.15  g- 
In  this  way,  altogether  1.57  g  phenyl  mercury  chloride  was  obtained,  or  89^  of  the 
theoretical  quantity. 

Mercury  diphei^l,  perchlorethylene  and  methyl  alcohol.  A  solution  of  10  g 
mercury  diphenyl  in  JO  ml  perchlorethylene  and  100  ml  methyl  alcohol  was  illuminated 
in  a  quartz  flask  for  8  hours.  The  precipitate  of  phenyl  mercury  chloride  was  fil¬ 
tered  off;  weight  4.0  g,  or  45^  of  the  theoretical  quantity,  m.p.  256*,  giving  no 
depression  with  the  pure  substance.  The  filtrate  was  distilled,  and  the  solvent 
driven  off  up  to  80" .  The  distillate  was  diluted  with  water,  and  the  solution 
gave  a  reaction  for  aldehyde  (mirror) ;  in  addition,  the  dimedone  derivative  of 
formaldehyde  was  obtained,  with  m.p.  l88*.  The  perchlorethylene,  containing 
benzene,  was  nitrated,  and  a  nitro  product  obtained  with  m.p,  88-89* ,  giving  no 
depression  of  the  melting  point  with  pure  m-dlnitrobenzene .  The  residue  in  the 
flask  was  a  brown  mass;  after  recrystallization  from  acetone,  mercury  diphenyl 
with  m.p.  125*  was  obtained,  giving  no  depression  with  the  pure  product;  weight 
5*0  g,  or  50^  of  the  theoretical  quantity.  Traces  of  metallic  mercury  were 
observed  in  the  residue. 

Mercury  diphenyl,  hexachlorethane  and  methyl  alcohol,  A  solution  of  2.0  g 
mercury  diphenyl  with  1  g  hexachlorethane  in  25  ml  methyl  alcohol  was  illuminated 
in  a  closed  quartz  test  tube  for  I8  hours.  Half  an  hour  after  the  beginning  of 
the  illumination  the  precipitation  of  characteristic  leaflets  of  phenyl  mercury 
chloride  was  alreeuiy  noticeable.  The  precipitate  was  filtered  off,  weight  1.55 
g;  by  recrystallization  from  acetone  phenyl  mercury  chloride  was  isolated  with 
m.p.  255*,  and  gave  no  depression  with  the  pure  product;  weight  1.4  g,  or  80^  of 
the  theoretical  quantity.  The  Insoluble  part  of  the  residue  proved  to  be  calomel 
(blackening  with  concentrated  ammonia);  weight  0.I5  g,  or  11^  of  the  theoretical 
quantity.  The  filtrate  was  distilled,  the  distillate  was  diluted  with  water, 
and  the  aqueous  layer  extracted  with  carbon  tetrachloride  and  nitrated;  m-dinitro- 
benzene  with  m.p,  90*  was  obtained,  giving  no  depression  with  the  pure  substance. 

Mercury  diphenyl,  ethyl  bromide  and  methyl  alcohol.  A  solution  of  2.0  g 
mercury  diphenyl  in  10  ml  ethyl  bromide  and  io'mriaethyl  alcohol  was  illuminated 
for  18  hours  in  a  closed  quartz  test  tube.  The  precipitate  was  filtered  off 
(traces  of  mercury)  and  immediately  gave  a  melting  point  of  275*  without  recry¬ 
stallization;  the  test  of  mixing  with  phenyl  mercury  bromide  gave  no  depression; 
its  weight  was  1,0  g,  or  50^  of  the  theoretical  quantity.  The  filtrate  was 
distilled  on  the  water  bath.  The  distillate  was  diluted  with  water  and  extracted 
with  carbon  tetrachloride.  The  aqueous  part  gave  a  reaction  for  aldehyde  (mirror). 
The  dimedone  derivative  of  formaldehyde  with  m.p.  187-188®  was  obtained.  The 
carbon  tetrachloride  extract  was  nitrated,  and  m-dlnltrobenzene  with  m.p.  89*  was 
obtained,  giving  no  depression  with  the  pure  substance.  The  residue  after  dis¬ 
tilling  off  the  solvent  was  mercury  diphenyl,  which  after  recrystallization  from 
benzene  melted  at  125",  and  gave  no  depression  with  the  pure  substance;  weight 
1  g,  or  50^  of  the  theoretical  quantity. 

SUMMARY 

1.  The  photoreactions  of  mercury  diphenyl  with  the  following  mixtures  were 
investigated:  carbon  tetrachloride  -  methyl  alcohol,  carbon  tetrachloride  -  ethyl 
cellosolve,  hexachlorethane  -  methyl  alcohol,  perchlorethylene  -  methyl  alcohol, 
and  ethyl  bromide  -  methyl  alcohol. 

2.  The  radicals  formed  in  photolysis  react  in  the  following  way;  the  CeHsHg- 
radical  breaks  off  halogen  from  the  halogen-containing  component  of  the  mixture 
with  the  formation  of  a  phenyl  mercury  halide,  but  the  phenyl  radical  combines 
with  the  hydrogen. 

Received  March  20,  1950  Gorky  State  University. 
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CONDENSATION  OF  o-AMINOTHIOPHENOL  WITH  a-HYDROXYACIDS 


V.  M.  Zubarovsky 


The  synthesis  of  henzthlazolyl  carbinol,  which  we  obtained  by  the  condensation 
of  o-aminothiophenol  with  glycollic  acid  [1],  stimulated  us  to  investigate  the 
possibility  of  the  condensation  of  o-aminothiophenol  with  different  a- hydroxy- 
acids;  it  might  be  expected  that  this  reaction  would  be  a  method  for  preparing 
benzthiazolyl  alcohols  of  the  type  (I) 


SH 

NH2 


HO. 


OH 


H-R 


OH 

I 

C-CH-R  +  2H20 


(I) 


or  more  complex  ones,  in  the  case  of  the  condensation  of  o-aminothiophenol  with 
dibasic  hydroxyacids  or  polyhydroxyacids. 

In  this  work  the  condensation  of  o-aminothiophenol  with  lactic,  mandelic, 
malic  and  tartaric  acids  was  studied.  The  condensation  was  carried  out  by 
heating  the  aminothiophenol  with  the  acids  in  a  sealed  glass  tube  at  130-l40*j 
the  time  of  heating  depends  on  the  nature  of  the  acid. 


Thus,  from  lactic  and  mandelic  acids,  methyl  benzthiazolyl -2-carblnol 
(I;  R=CH3)  and  phenyl  benzthlazolyl-2-carbinol  (I5  R=C6H5)  were  obtained,  both 
in  good  yield.  The  carbinols  are  colorless  crystalline  substances  with  very 
faint  specific  odors,  and  they  are  soluble  in  acids  and  insoluble  in  alkalies. 

Both  carbinols  were  oxidized  to  ketones  by  chromic  oxide  in  an  acetic  acid 
medium: 


OH 

c-(!:h-r 


oxidation^ 


(R=CH3  or  C0H5) 


-S.  0 

\ '  II 

C-C-R  +  H2O 

Ni^ 


(II) 


Methyl  benzthiazolyl -2-ketone  (II;  R=CH3)  was  a  crystalline  substance, 
having  a  persistent,  fairly  strong  and  pleasant  odor,  reminiscent  partly  of 
the  odor  of  acetophenone,  and  partly  of  3-naphthyl  methyl  ether  ("  nerolin") , 
Phenyl  benzthiazolyl-2-ketone  (II;  R=C6H5)  has  no  smell.  The  carbonyl  group, 
which  in  benzthiazolyl  ketones  is  situated  adjacent  to  the  thiazole  ring, 
sharply  decreases  the  basic  properties  of  the  latter:  benzthiazolyl  ketones  do 
not  form  halogenalkylates,  are  Insoluble  in  dilute  hydrochloric  acid,  soluble 
in  concentrated,  but  are  precipitated  from  this  solution  in  unchanged  form  when 
slightly  diluted  with  water. 


We  also  succeeded  in  synthesizing  dlbenzthiazolyl  ketone  (IV),  but  not  by 
the  oxidation  of  dlbenzthiazolyl  carbinol  because  the  latter  was  not  prepared. 
This  ketone  was  synthesized  from  dlbenzthiazolyl  methane: 


1 

"c-  I  CH2 

X 


C=N^  .'-N(CH3)2 


.V 


(III) 


CO 

^2  (IV) 

a  -  Heating  with  p-nitrosodimethylaniline  in  pyridine,  b  -  hydrolysis 
in  the  presence  of  sulfuric  acid. 


Dibenzthiazolyl  ketone  decomposes  on  boiling  with  an  aqueous,  or  more 
quickly  with  an  alcoholic,  solution  of  potassium  hydroxide,  with  the  formation 
of  the  potassium  salt  of  benzthiazolyl-2-carboxylic  acid. 


Phenylhydrazones  and  p-nitrophenylhydrazones  of  benzthiazolyl  ketones  are 
most  conveniently  obtained  in  a  glacial  acetic  acid  medium.  The  p-nitrophenyl¬ 
hydrazones  of  all  benzthiazolyl  ketones  are  soluble  in  concentrated  sulfuric 
acid  with  an  intense  red  coloration. 


In  contrast  to  the  monobasic  a-hydroxyacids,  which  on  condensation  with 
o-aminothiophenol  give  benzthiazolyl  alcohols  in  good  yield,  dibasic  hydroxy- 
acids  form  mixtures  of  benzthiazole  derivatives.  The  mixtures  of  substances 
formed  on  heating  o-aminothlophenol  with  malic  and  tartaric  acids  in  sealed 
tubes  was  studied  in  detail.  In  both  cases  2,2 ’-dibenzthiazolyl  (compound  No. 2" 
in  the  table)  and  2-methylbenzthiazole  (compound  No.l  in  the  table)  were  observed, 
separated  and  identified,  while  the  latter  constitutes  the  main  component  of  the 
mixtures 5  in  the  condensation  with  malic  acid  3-hydroxy- 3- [benzthiazolyl-2]- 
propionic  acid  (compound  No^5  In  the  table)  is  formed  along  with  dibenzthiazolyl 
and  2-methylbenzthiazole,  and  in  the  condensation  with  tartaric,  0,0* -diamino- 
dlphenyl  disulfide  (compound  No. 4  in  the  table)  and  3- [l>enzthiazolyl-2] -glyceric 
acid  (compound  No. 5  in  the  table)  are  formedj  the  latter  compound  was  not  identi¬ 
fied  exactly.  The  table  givet  hh  idea  of  the 'typical*  quantitative  composition 
of  the  mixtures  under  investigation. 

In  the  conditions  of  the  above  experiments,  thermal  decomposition  which  is 
in  general  peculiar  to  dibasic  hydroxyacids  evidently  takes  placej  as  we  surest, 
some  components  of  the  mixtures  investigated  are  formed  by  the  action  of  the 
decomposition  products  on  o-aminothiophenol. 

Since  the  separation  of  the  mixtures  described  above  does  not  present  any 
difficulty,  and  the  percentage  of  benzthiazolyl  hydroxyacids  in  them  is  consider¬ 
able,  the  condensation  of  o-aminothiophenol  with  dibasic  hydroxyacids  may  serve 
as  a  method  for  the  preparation  of  certain  benzthiazolyl  hydroxyacids. 

EXPERIMENTAL 

1.  Condensation  of  o-hmlnothlophenol  with  lactic  acid.  10  g  (8.7^  ml, 

1  mole)  o-aminothiophenol  and  7-2  g  (6  ml,  1  mole)  anhydrous  lactic  acid  are 
heated  in  a  sealed  glass  tube  for  15  hours  at  l40* .  Shortening  the  time  of 
heating  leads  to  a  lowering  of  the  yield  of  methyl  benzthiazolyl-2-carbinol 
formed  as  a  result  of  the  condensation  of  the  original  substances.  When  the 
heating  is  finished,  the  contents  of  the  tube  are  dissolved  in  25  ml  warm  17^ 
hydrochloric  acid,  the  turbid,  more  or  less  dark  (sometimes  yellow)  solution 
is  partially  decolorized  with  charcoal,  filtered  and  the  filtrate  is  neutralized 
with  20^  caustic  soda.  The  oil  which  separates  is  washed  with  water,  when  it 
solidifies  sometimes  immediately  and  sometimes  on  long  standing.  The  clumps 
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Table 


Composition  of  mixtures  of  substances  formed  on  heating  o-aminothiophenol 


with  acids 


No. 

Malic  acid  1 

No. 

Tartaric  acid 

1 

\ 

< 

\ 

1  ! 

C-CH3 

62.5^  1 

1 

1 

1 

i  C-CH3 

\'^N<^ 

42^ 

2 

1 

1 

5  1 

2 

1 

1 

i 

1 

13 

3 

.C-CH-CH2-C00H 

in 

26 

1  k 

1 

i 

i 

/-/ 

^  ^NH2  H2N^ 

15 

1 

5 

1 

1 

i 

'A 

C“(;H-(j:H-C0C5H 
in  OH 

28 

,  Note.  The  figures  showing  the  percentage  ratio  of  the  weight  of  the 

given  purified  substance  to  the  weight  of  the  mixture  of  products 
obtained  on  condensation  are  approximate,  and  are  averages  of  the 
results  of  several  experiments. 


of  crystals  are  ground  to  powder  and  washed  with  water.  The  yield  of  methyl 
benzthlazolyl-2-carbinol  is  11  g,  78^  of  the  quantity  theoretically  possible. 
The  carblnol  is  purified  by  crystallization  from  a  20^  solution  of  toluene  in 
petroleum  ether  (b.p.  Ii6-60*)j  after  one  or  two  crystallizations,  the  carblnol 
has  m.p.  66* f  and  after  three  or  four  68* j  the  pure  carblnol  has  a  very  faint 
odor  of  thlazole  with  a  pleasant  bouquet  and  consists  of  colorless  crystals 
easily  soluble  in  acids  and  Insoluble  in  alkalis. 


Found  N  7-80,  7-73,  7.8l.  C9H0ONS.  Calculated  N  7.82. 


The  lodomethylate  of  the  carblnol  is  obtained  by  heating  It  (1  mole)  with 
excess  of  methyl  Iodide  (5  moles)  In  a  sealed  tube  at  l40*  for  one  hourj  it  Is 
washed  with  a  small  quantity  of  acetone  and  crystallized  from  alcohol.  The  pure 
lodomethylate  consists  of  fine  colorless  needles  of  m.p.  l68*.  The  lodoethylate, 
which  Is  crystallized  from  6o^  ethyl  alcohol,  Is  obtained  In  quite  a  similar  way; 
the  lodoethylate  Is  colorless  needles  m.p.  224*  with  subsequent  decomposition, 
and  It  darkens  on  exposure  to  light. 


2.  Condensation  of  o-amlnothlophenol  with  mandellc  acid.  This  condensation 
differs  from  the  previous  one  only  In  the  time  of  heating:  8  hours  Is  sufficient. 
The  condensation  product  Is  a  viscous  yellowish  oil  which  slowly  solidifies  on 
mixing  with  water.  From  9.4  g  (1  mole)  mandellc  acid  and  J.d  g  (1  mole)  o-amlno- 
thlophenol  11.4  g  phenyl  benzthlazolyl-2-carblnol,  or  76.5^  of  the  quantity 
theoretically  possible,  was  obtained.  The  carblnol  dissolves  In  dilute  hydro¬ 
chloric  acid  only  on  heating,  but  dissolves  In  concentrated  acid  In  the  cold;  It 
is  insoluble  In  alkalies,  but  very  easily  soluble  In  most  organic  solvents  except 
petroleum  ether.  Colorless  crystals  with  a  very  faint  specific  odor  and  m.p.  120*, 
after  two  crystallizations  from  ethyl  alcohol;  after  a  supplementary  crystal- 


lizatlon  from  toluene  (twice),  the  m.p.  is  123*  (corrected).^) 

Found  N  5-75,  5-64.  C14H11ONS.  Calculated  N  5.8I. 

3.  Methyl  benzthlazolyl-2-ketone .  Solutions  of  7*2  g  (1  mole)  methyl 
benzthiazolyl-2-carbinol  in  35  nil  glacial  acetic  acid  and  3-5  g  (0,87  mole) 
chromic  oxide  in  25  ml  8o^  acetic  acid  are  prepared.  The  solutions  are 
heated  to  95*  and  are  gradually  mixed,  pouring  the  oxidizing  agent  into  the 
solution  of  carbinol.  The  mixing  of  the  solutions  takes  about  5  minutes, 
during  which  the  temperature  of  the  mixture  rises  to  110-115“  and  ebullition 
is  observed.  When  the  oxidizing  agent  has  been  added,  the  mixture  is  boiled 
for  30  minutes  and  100  ml  water  are  added  to  the  hot  mixture  with  stirring; 
methyl  benzthiazolyl  ketone  is  precipitated  in  crystalline  condition.  The 
suspension  is  allowed  to  cool,  and  the  ketone  is  filtered  off  and  washed  with 
water.  Yield  from  4  to  4.5  g,  56-62.5^  of  the  theoretical.  The  purity  of  the 
ketone  depends  to  a  considerable  extent  on  the  purity  of  the  original  carbinol . 

If  the  latter  was  recrystallized  from  a  mixture  of  petroleum  ether  and  toluene 
the  ketone  is  obtained  as  a  light  yellow  powder  which  it  is  sufficient  to 
recrystallize  once  from  60^  aqueous  acetone  (using  charcoal);  the  ketone  may 
also  be  crystallized  from  glacial  acetic  acid,  water  or  petroleum  ether.  After 
recrystallization  once  from  acetone,  the  ketone  forms  colorless  or  slightly 
yellowish  crystals  of  m.p.  110®,  and  after  three  or  four  crystallizations  the 
ketone  has  m.p.  112®,  and  it  has  a  pleasant  odor. 

Found  N  7.74.  CgHyONS.  Calculated  N  7.91- 

Methyl  benzthiazolyl  ketone  is  Insoluble  in  dilute  acids  and  soluble  in 
concentrated,  but  it  precipitated  from  these  solutions  on  addition  of  water.  The 
ketone  is  unchanged  on  heating  with  excess  of  ethyl  iodide  (12  moles)  in  a  sealed 
tube  at  130*  for  5  hours:  no  quaternary  salt  was  observed. 

The  phenylhydrazone  was  prepared  by  boiling  a  mixture  of  0,54  g  (1  mole) 
ketone,  0.45  g  (1.5  niole)  phenylhydrazine  and  10  ml  acetic  acid  for  a  short 
time.  The  phenylhydrazone  was  precipitated  on  adding  water.  The  crude  phenyl¬ 
hydrazone  was  washed  with  a  solution  of  soda  and  recrystallized  three  times  from 
ethyl  alcohol.  M.p.  l46®,  pale  yellow  crystals. 

Found  N  I5.85.  C15H13N3S.  Calculated  N  15.75. 

The  p-nitrophenylhydrazone  was  obtained  in  a  similar  way;  1.1  mole  was  taken 
for  1  mole  of  ketone.  The  hydrazone  is  precipitated  by  boiling  an  acetic  acid 
solution  of  the  original  substances.  It  is  purified  by  crystallization  from 
Isoamyl  alcohol;  after  three  crystallizations  the  p-nitrophenylhydrazone  consists 
of  orange  needles  melting  at  263*  with  decomposition.  It  dissolves  in  concentrated 
sulfuric  acid  with  a  red  color  which  turns  yelTow  on  the  addition  of  a  drop  of 
nitric  acid  or  hydrogen  peroxide. 

Found  N  17*76.  C15H12O2N4.  Calculated  N  17.95. 

4 .  Phenyl  benzthiazolyl-2-ketone.  The  same  method  was  used  for  the  preparation 
of  this  ketone  as  for  methyl  benzthiazolyl  ketone.  From  6  g  phenyl  benzthiazolyl- 
2-carbinol  and  2  g  chromic  oxide,  3.5  g  phenyl  benzthiazolyl-2-ketone  were  obtained, 
or  60^  of  the  quantity  theoretically  possible.  The  crude  ketone  is  washed  with  a 

^)The  results  of  the  published  work  were  reported  by  the  authors  on  20  V  1948  at 
a  meeting  of  the  Chemistry  Section  of  the  Scientific  Congress  of  the  USSR  Academy 
of  Sciences.  In  July  1949  Gilmann  and  Reel  described  [2]  the  synthesis  of  phenyl 
benzthiazolyl-2-carbinol  from  benzaldehyde  and  benzthiazolyl  lithium  and  quoted 
m.p.  121.5®  for  the  carbinol.  Their  synthesis  is  not  very  convenient  for  the  prep¬ 
aration  because  it  requires  more  complex  starting  materials  and  working  at  a 
temperature  of  -75* . 
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small  quantity  of  aqueous  acetone  and  crystallized  from  ethyl  alcohol  or  80^ 
acetone j  in  both  cases  the  solutions  are  decolorized  with  charcoal.  After 
several  crystallizations  the  phenyl  benzthlazolyl  ketone  is  obtained  In  the 
form  of  colorless  crystals  without  odor  ,  m.p.  103*.^) 

Found  N  5.59>  5.6?.  C14H9ONS.  Calculated  N  5.86. 

Phenyl  benzthlazolyl  ketone  is  insoluble  in  hot  dilute  (1:2)  hydrochloric 
acid  and  is  soluble  in  concentrated  in  the  cold,  but  on  dilution  with  water  it 
is  precipitated  from  solution)  the  same  takes  place  with  concentrated  sulfuric 
acid,  in  which  the  ketone  dissolves  with  a  faint  yellow  coloration. 

The  phenylhydrazone  of  the  ketone  was  prepared  in  a  glacial  acetic  acid 
medium  with  subsequent  dilution  of  the  solution  with  water.  After  three 
crystallizations  from  a  mixture  of  ethyl  ether  and  ethyl  alcohol  (2:1)  the 
phenylhydrazone  melts  at  ll4-8-l49*  and  has  the  appearance  of  bright  yellow 
silky  needles. 

Found  N  12,76,  12.82.  CaoHisNaS.  Calculated  N  12.77. 

The  solution  of  phenylhydrazone  in  concentrated  sulfuric  acid  becomes  green 
on  the  addition  of  a  drop  of  nitric  acid  or  perhydrol,  and  then  blue  on  standing. 

Phenyl  benzthlazolyl  ketone  p-nitrophenylhydrazone  consists  of  orange-yellow 
crystals  with  m.p.  198*  (from  isoamyl  alcohol);  they  are  soluble  in  concentrated 
sulfuric  acid  with  an  intense  red  coloration. 

5.  Bis -[benzthlazolyl-2] -ketone.  Dlbenzthiazolylmethane,  the  starting 
material  in  this  synthesis,  was  prepared  by  Mills*  method  from  o-aminothiophenol 
and  malonlc  ester;  if  a  mixture  of  these  substances  is  heated  in  a  reaction 
vessel  fitted  with  a  small  fractionating  column,  and  all  the  time  the  water  and 
alcohol  formed  are  distilled  off,  the  time  of  the  condensation  is  considerably 
reduced  —  to  40-50  minutes,  in  comparison  with  4  hours  indicated  by  Mills. 

A.  N-(p-Dimethylamlnophenyl) -imine  bis- (benzthlazolyl-2) -ketone.  A  warm 
solution  of  p-nltros’odimethylanillne  in  '^'ml  dry’pyFidine  are  "added"  in  portions 
(effervescence!)  with  stirring  to  a  hot  solution  of  7*05  g  (1  mole)  dibenzthia- 
zolylmethane  in  I5  ml  dry  pyridine.  The  red  colored  mixture  is  boiled  for  I5 
minutes  (bumping,  porous  pot  necessary) ,  cooled  to  45*  and  the  fine  needle- 
shaped  crystals  of  secondary  product  (about  1  g,  not  investigated)  are  filtered 
off.  The  filtrate  is  poured  into  75  nil  water  and  to  the  brown-colored  suspension 
5  ml  of  saturated  brine  are  added.  The  solid  product  is  filtered  off  and  washed 
many  times  with  water.  Yield  of  imine,  7-5  S>  or  of  the  theoretical.  The 

imine  may  be  used  without  further  purlHcatlon  for  conversion  into  dlbenzthiazolyl 
ketone.  The  imine  is  obtained  in  the  pure  state  by  crystallization  from  xylene; 
after  two  or  three  crystallizations  the  imine  forms  lustrous  vermilion  colored 
crystals,  with  m.p,  211-215*. 

Found  N  15. 4l,  15.31.  C23H18N4S2.  Calculated  N  15.53. 

Yellow  needles,  m,p.  I78-I8O*,  which  prove  to  be  bis- (benzthlazolyl -2) - 
ketone  (mixed  melt),  are  obtained  in  small  quantity  from  the  xylene  mother  liquor 
by  concentration  and  crystallization  of  the  solid  product  formed  on  cooling. 

_B.  _Hy^qlysis_of  l^e  imine^,  l40  ml  25^  sulfuric  acid  are  poured  over  16.6  g 
imine,  ground  to  powder,  and  boiled  for  40  minutes.  The  reddish  brown  color  of 
the  suspension  disappears,  and  it  becomes  yellowish  gray.  The  bls-(benzthiazolyl- 
2) -ketone  formed  is  filtered  off  and  washed  with  15^  soda  solution  and  water.  The 

Gilmann  and  Beel  synthesized  this  ketone  from  benzthlazolyl  lithium  and 
benzonltrile  and  quote  for  its  m.p,  102.5*. 
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yield  of  ketone  is  almost  theoretical.  The  whole  of  the  crude  ketone  is 
crystallized  from  800  ml  ethyl  alcohol,  decolorizing  the  solution  with 
charcoal.  After  two  or  three  crystallizations  the  ketone  melts  at  l80"  and 
consists  of  pale  yellow  silky  needles,  which  are  sometimes  very  long.  By  an 
additional  crystallization  from  acetone  or  isoamyl  alcohol  it  is  possible  to 
obtain  the  ketone  with  m.p.  182.5". 

Found  N  9-32,  9-^^.  CisHsONsSs-  Calculated  N  9.*^6. 

Bis- (benzthiazolyl-2) -ketone  phenylhydrazone  and  p-nltrophenylhydrazone 
were  prepared  in  the  same  way  as  the  hydrazones  of  the  ketones  described  above. 

The  phenylhydrazone  is  a  yellow  crystalline  substance  of  m.p.  238-240*  (after 
three  crystallizations  from  xylene),  but  the  p-nitrophenylhydrazone  is  orange 
crystals  of  m.p,  290. 5*  (from  pyridine) j  the  p-nltrophenylhydrazone  dissolves 
in  concentrated  sulfuric  acid  with  a  reddish-orange  color, 

C.  Action  of  alkali  on  bis- (benzthiazolyl-2) -ketone.  Aqueous,  and 
particularly  alcoholic,  solutions  of  caustic  potash  decompose  the  ketone; 

0.5  g  ketone  and  20  ml  13^  alcoholic  potash  are  boiled  for  1  hour.  The 
solution  is  cooled  in  ice,  and  the  precipitate  which  separates  is  filtered 
off  and  washed  with  alcohol.  Its  weight  is  0,35  g*  The  precipitate  is  dis¬ 
solved  in  5  nil  water  and  15^  hydrochloric  acid  is  added  dropwlse  to  the  warm 
solution  until  the  pH  is  3.5*  It  is  cooled  and  the  colorless  crystals  are 
filtered  off.  The  substance  melts  at  104- 106*  with  decomposition,  dissolves 
in  a  solution  of  sodium  bicarbonate  with  evolution  of  CO2,  and  is  converted 
on  boiling  with  water  (decarboxylation!)  into  an  oil  smelling  of  benzthiazole 
and  giving  a  picrate  of  m.p.  166-I68*,  identical  with  the  picrate  of  benzthiazole 
(mixed  melt).  Thus,  the  decomposition  product  of  dibenzthlazolyl  ketone  which 
was  investigated  is  benzthiazole-2-carboxyllc  acid. 

6.  Condensation  o^  o-^inothiophenol  with  malic  acid.  Synthetic  malic  acid 
of  m.p.  128*  was  used  for  the  synthesis.5.2  gfl  mole7 maHc  acid  and  10  g  (2.1  mole) 
o-amlnothiophenol  were  heated  in  a  sealed  glass  tube  for  l4  hours  at  135-1^0*5  a 
layer  of  water  was  fomed,  and  on  opening  the  tube  a  low  pressure  and  a  strong 
odor  of  hydrogen  sulfide  were  observed.  The  oily  reaction  product  solidified 
on  standing  for  48  hours  on  account  of  the  precipitation  of  fine,  light  colored 
crystals.  The  whole  product  was  treated  by  heating  with  45  ml  dilute  (1:1)  hydro¬ 
chloric  acid  and  the  undlssolved  yellow  crystals  were  filtered  off  and  washed  with 
alcohol  and  ether.  Their  weight  was  O.25  gj  after  crystallization  from  xylene 
they  turned  almost  colorless,  melted  at  305-506*  and  proved  to  be  2,2-dibenz- 
thiazolyl  (mixed  melt) . 

The  hydrochloric  acid  filtrate  from  which  the  dibenzthlazolyl  separated  was 
decolorized  with  charcoal  and  neutralized  with  20^  caustic  soda  solution.  The 
precipitated  oil  was  washed  with  water  and  solidified  on  standing.  The  product 
was  puflyerized  and  extracted  with  warm  ether;  the  grayish-white  finely  crystalline 
powder  which  was  insoluble  in  ether  was  filtered  off  and  washed  with  ether.  The 
solvent  was  distilled  off  from  the  ether  extract  and  the  residue,  a  viscous  oil, 
was  fractionated.  The  fraction  boiling  at  235-250*  (3*5  g)  was  a  colorless, 
strongly  refractive  liquid  with  an  odor  of  2-methylbenzthiazole.  This  liquid  also 
proved  to  be  2-methyl  benzthiazole,  but  not  quite  pure,  because  the  picrate 
obtained  from  it  had  m.p. 151-153*  only  after  repeated  crystallization;  a  mixture 
of  this  picrate  with  authentic  2-methyl  benzthiazole  picrate  melted  at  153“ • 

The  crystalline  substance,  which  was  insoluble  in  ether,  weighed  2.1  g;  it 
was  recrystallized  twice  from  ethyl  alcohol  (charcoal  was  used  and  the  mother 
liquors  were  cooled  in  ice)  and  was  obtained  in  the  form  of  colorless  homogeneous 
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fine  crystals  with  an  astringent,  sweetish  acid  taste,  and  which  shrivel  up  on 
heating  to  227®  and  decompose  energetically  with  evolution  of  gas  at  231*.  The 
substance  displaces  carbon  dioxide  from  an  aqueous  solution  of  sodium  bicarbonate, 
and  then  dissolves.  The  nitrogen  content  of  the  substance  agrees  with  the 
nitrogen  content  of  3-(benzthiazolyl-2)-3-hydroxypropionic  acid. 

Found  N  6.28,  6.33.  CioHeOaSN.  Calculated  N  6.29, 

1.2  g  (1  mole)  of  the  investigated  acid  with  decomp,  point  231*  was 
oxidized  with  0,4  g  (0,73  mole)  chromic  oxide  in  acetic  acid,  adhering  to 
the  method  used  for  the  oxidation  of  benzthiazolyl  carbinols  to  ketones.  The 
oxidation  product,  a  light  brown  powder  (0.6  g) ,  was  purified  by  two  crystal¬ 
lizations  from  25^  acetic  acid  (charcoal  was  used) ,  The  yellowish-white  crystals 
had  m.p,  110*  and  possessed  the  odor  of  methyl  benzthiazolyl -2-ketone.  A  mixture 
of  the  resulting  substeince  with  this  ketone  (m.p.  112®)  melts  at  110-111*)  their 
phenylhydra zones  were  also  identical  (mixed  melt). 

7.  Condensation  of  o-amlnothlophenol  with  tartaric  acid.  The  ordinary  acid 
of  m.p.  168-169*  was  used.  The  reaction  between  tartaric  acid  and  o-aminothlo- 
phenol  on  heating  in  a  sealed  glass  tube  begins  at  120*,  but  then  proceeds  very 
slowly  so  that  the  reaction  was  carried  out  at  130-140*.  10.0  g  (2  mole)  o-amlno- 

thiophenol  and  6.0  g  (1  mole)  tartaric  acid,  ground  to  powder,  were  heated  at  the 
above  temperature  for  4  hours.  The  tube  must  be  heated  in  an  iron  sleeve  pipe 
(without  fall!)  and  opened  in  it  (greatest  caution  necessary,  high  pressure).  The 
liquid  contents  of  the  tube,  saturated  with  hydrogen  sulfide  and  carbon  dioxide, 
effervesce  on  opening  and  ejection  of  the  reaction  products  through  the  capillary 
may  occur.  The  contents  of  the  tube  are  heated  with  45  ml  20^  hydrochloric  acid 
and  the  Insoluble  crystals  are  filtered  off  from  the  hot  liquid.  The  weight  of 
the  crystals  is  0.9  8,  and  after  crystallization  from  xylene  they  melt  at  306* 
and  proved  to  be  2,2*-dlbenzthiazolyl.  On  standing  for  12  hours  and  cooling  in 
ice,  the  hydrochloric  acid  filtrate  precipitated  needle-shaped  crystals  weighing 
1.8  g  and  which  consist  of  a  hydrochloride  which  was  recrystallized  from  ethyl 
alcohol  with  subsequent  dilution  of  the  mother  liquor  with  ether.  The  salt  melts 
on  heating,  decomposing  at  225-230*.  On  grinding  the  colorless  salt  with  a  20^ 
solution  of  caustic  soda  a  yellow,  crystalline  base  Is  formed,  having  m.p.  94* 
after  crystallization  from  80^  alcohol.  A  mixture  of  the  base  with  authentic 
o,o*-dlamlnodlphenyl  disulfide  (m.p.  93*)  melted  at  93*. 

Found  N  II.36,  11.07.  CizHipNgSg.  Calculated  p.  N  11.29 , 

5  ml  concentrated  hydrochloric  acid  were  added  to  the  hydrochloric  acid 
filtrate  from  which  the  hydrochloride  of  o,o*-dlamlnodlphenyl  disulfide  separated) 
after  48  hours  a  very  small  quantity  of  Impure  crystals  of  the  above  salt  of  0,0*- 
dlamlnodlphenyl  disulfide  were  precipitated,  and  this  salt  was  filtered  off  and 
thrown  away.  The  acid  filtrate  was  neutralized  with  20^  caustic  soda,  the  oil 
which  separated  was  washed  with  water  and  mixed  with  10  ml  chloroform,  and  the 
fine,  white  crystalline  precipitate  which  separated  was  filtered  off  and  washed 
with  ether.  The  weight  of  the  crystals  was  1  g,  and  they  were  recrystalllzed 
from  20  times  their  volume  of  water  (precipitation  of  the  crystals  occurs  very 
slowly)  and  again  from  a  large  quantity  of  xylene.  The  substance  gradually 
decomposes  on  heating,  liberating  carbon  dioxide  especially  strongly  at  200-210*, 
the  crystals  have  an  astringent  acid  taste  and  dissolve  In  an  aqueous  solution  of 
sodium  bicarbonate  with  evolution  of  carbon  dioxide.  The  nitrogen  content  of  the 
substance  corresponds  to  the  nitrogen  content  of  3- (benzthlazolyl-2) -glyceric 
add. 

Found  N  5.52.  C10H9O4NS.  Calculated  N  5-86, 


The  solvent  was  removed  from  the  chloroform  solution  from  which  the 
benzthiazolylglyceric  acid  separated,  and  the  residue  was  fractionated. 

The  fraction  boiling  at  2^6-2k0*  (3  g)  was  2-methyl  benzthiazole  (picrate 
m.p.  156*). 

SUMMARY 

1.  The  condensation  of  o-aminothiophenol  with  monobasic  a-hydroxyacids 
is  a  method  for  the  preparation  of  benzthiazolyl  alcohols.  From  lactic  and 
mandelic  acids  methyl  benzthlazolyl-2-carbinol  and  phenyl  benzthiazolyl-2- 
carbinol,  which  were  converted  on  oxidation  into  ketones,  were  synthesized. 

2.  The  condensation  of  o-aminothiophenol  with  dibasic  hydroxyacids 
leads  to  the  formation  of  mixtures  of  benzthiazole  derivatives,  containing 
benzthiazolyl  hydroxyacids.  The  composition  of  the  mixtures  obtained  by 
the  condensation  of  o-aminothiophenol  with  malic  and  tartaric  acids  was 
investigated. 

5.  Bis- (benzthiazolyl -2) -ketone  was  synthesized  from  dibenzthlazolylmethane 
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ALCOHOLS  AND  KETONES  OF  THF  BENZTHIAZOLE  SERIES 
V.  M.  Zubarovsky  and  student  M.  D.  Rikelman 


As  one  of  us  has  already  shown,  the  condensation  of  o-amlnothlophenol  with 
o-hydroxyaclds  Is  a  method  of  preparation  for  different  alcohols  of  the  benz- 
thlazole  series.  Of  monobasic  fatty  a-hydroxyaclds,  glycolllc  and  lactic  [1] 
have  up  to  the  present  been  used  for  condensation  with  o-amlnothlophenol. 

Using  the  above  method  with  other  hydroxyaclds,  homologs  of  lactic,  we 
synthesized  some  alkyl -benzthlazolyl-2-carblnols,  which  formed  a  new  homologous 
series  (Table  l) . 


Table  1 


Alkyl -benzthlazolyl-2-carblnols 


General  formula: 

OH 

1 

C-CH-R 

'll- 

Test  R  'M.p.  of  the 

M.p.  of  the 

No.  1  carblnols 

lodomethylates 

1 

of  the 

1 

1- 

carblnols 

1  CH3  1  68* 

168* 

2  C2H5  96 

206  (decomp.) 

3  C3H7  1  84 

175 

4  C4H0  1  58 

!  115 

5  C5H11I  65 

1  130 

6  'CeHi3  75 

!  124 

Note .  Methyl-benzthlazolyl-2-carblnol 
(Compound  No.  1)  was  synthesized 
before  [1].  In  all  the  compounds 
the  alkyls  are  of  normal  structure. 

carblnol.  It  was  not  clear  whether  this 


The  condensation  of  hydroxyaclds 
with  o-amlnothlophenol  was  carried  out 
by  heating  mixtures  of  the  original 
substances  In  sealed  glass  tubes.  The 
alkyl -benzthlazolyl-2-carblnols  are 
colorless  crystalline  substances  with 
a  very  faint  thlazole  odor,  the  higher 
homologs  being  without  odor.  The 
carblnols  are  soluble  In  dilute  hydro¬ 
chloric  acid,  but  the  higher  members 
are  more  difficultly  soluble j  on  heating 
the  carblnols  with  methyl  Iodide  their 
lodomethylates  are  formed.  In  the 
synthesis  of  butyl-  and  hexyl -benzthla- 
zolyl  carblnols  the  formation,  along  with 
the  carblnols,  of  liquid  products  having 
the  character  of  unsaturated  compounds 
was  observed.  One  of  these  was  a  bromine 
addition  product,  the  analysis  of  which 
gave  figures  close  to  the  bromine  content 
of  1-amyl- 2  4benzthlazolyl-2-]  ethylene 
dlbromlde,  and  was  separated  In  the 
synthesis  of  hexylbenzthlazolyl-2- 
unsaturated  compound  was  formed  as  a 


result  of  the  dehydration  of  hexy]benzthlazolyl-2-carblnol.  An  Interesting 
property  of  hexylbenzthlazolyl-2-carblnol  was  observed*,  heating  It  In  a  sealed 
glass  tube  without  any  additions  at  16O-I80*  causes  the  thermal  decomposition  of 


the  carblnol  with  the  formation  of  benzthlazole  and  oenanthol: 


-0 

i  CH  +  CH3-(CH2)5-C" 

\/^n/'  ^ 


In  addition  to  secondary  alcohols,  one  tertiary  alcohol,  dlmethylbenzthla- 
zolyl-2-carblnol,  which  Is  the  first  and  simplest  member  of  the  dlalkylbenz- 
thlazolyl-2-carbinols,  was  synthesized. 


Most  of  the  secondary  alcohols  which  we  obtained  could 
be  converted  by  oxidation  with  chromic  oxide  In  glacial 
acetic  acid  to  alkyl  benzthlazolyl-2-ketones5  the  less  the 
molecular  weight  of  the  original  alcohol,  the  more  easily 


CH3 

,  / 

C-MH3 

OH 
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does  this  oxidation  take  place.  In  Table  2  the  fonnulas  of  the  ketones  obtained, 
their  constants  and  the  melting  points  of  their  p-nltrophenylhydrazones  are  given. 

The  ketones  which  we  synthesized  do  not  have  such  a  strong  and  pleasant  odor 
as  that  characteristic  of  the  first  homolog  of  this  series:  according  as  the 
number  of  carbon  atoms  in  the  alkyl  group  Increases,  the  odor  of  the  ketones 
becomes  weaker  and  ceases  to  be  pleasant,  so  that  butyl  benzthiazolyl  ketone 
does  not  have  a  pleasant  odor,  and  the  odor  of  amyl  benzthiazolyl  ketone  is 
detected  only  on  heating.  All  the  ketones  have  very  weak  basic  properties: 
they  do  not  form  halogenoalkylates,  they  are  insoluble  in  20^  hydrochloric  acid, 
and  their  solutions  in  concentrated  hydrochloric  acid  are  precipitated  by  water. 


Phenyl hydra zones  were  obtained  from  some  of  the  ketones  and  p-nitrophenyl- 
hydrazones  from  all  of  themj  the  latter  have  the  property  of  being  soluble  in 
concentrated  sulfuric  acid  with  a  beautiful  intense  red  coloration,  which 
disappears  when  this  solution  is  diluted  slightly  with  water. 


EXPERIMENTAL 


Table  2 


1.  Alkyl -benzthiazolyl -2-carbinols . 
The  monobasic  a-hydroxyacids  of  the 
aliphatic  series,  which  were  used  for 
the  synthesis  of  benzthiazolyl  alco¬ 
hols,  were  prepared  either  from  the 
a-bromosubstituted  acids  or  by  the 
cyanhydrin  synthesis:  a-hydroxyacids 
of  normal  structure  were  obtained: 
hydroxybutyric,  hydroxyvaleric, 
hydroxycaproic,  hydroxyenanthic  and 
hydroxycapryllc.  These  acids  were 
condensed  with  o-aminothiophenol  in 
the  following  way:  10  g  (8  ml,  1 
mole)  o-aminothiophenol  and  the  a- 
hydroxyacid  (in  a  quantity  corres¬ 
ponding  to  1.1  mole  in  relation  to 
the  o-aminothiophenol)  are  heated  in 
a  sealed  glass  tube  for  15  hours  at 
l40“;  the  mixture,  which  was  homo¬ 
geneous  at  the  beginning  of  the  heat¬ 
ing,  separates  and  forms  a  layer  of 
water.  Further  treatment  of  the 
contents  of  the  tube  was  not  normal. 


Alkyl -benzthlazolyl-2-ketones 


General  formula: 


Test 

No. 

R 

M,p.  of  the 
ketones 

M.p.  of  the 
p-nitrophenyl- 
hydra zones 

1 

CH3 

112® 

263®  (decomp.) 

2 

C2H5 

78 

215  (decomp.) 

3 

C3HT 

1  65 

187 

4 

iC4H9 

1  50 

159 

5 

C5H1I 

;  58 

136 

6 

CeHia 

1 

133 

Note .  Methyl-benzthlazolyl-2-ketone 

(compound  No.l)  was  synthesized  before 
[1].  In  all  the  compounds  the  alkyls 
are  of  normal  structure.  Hexyl- 
benzthiazolyl-2-ketone  was  not  obtained 
in  the  solid  condition:  it  was  a  liquid 
boiling  at  178*  at  4  mm. 


Ethyl  [benzthiazolyl-2]-carbinol  (No.  2  in ‘Table  1)  from  a-hydroxybutyric 
acid.  The  contents  of  the  tube  are  dissolved  in  75  ml  20^  hydrochloric  acid,  the 
solution  is  decolorized  with  animal  charcoal  and  a  20^  solution  of  caustic  potash 
is  added  until  alkaline.  The  liberated  oil  crystallizes  quickly.  The  clumps  of 
crystals  are  ground  in  a  mortar  and  washed  with  water.  The  yield  of  carblnol  is 
l4  g,  about  91^  of  the  theoretical  quantity.  It  is  crystallized  from  a  20^ 
solution  of  toluene  in  petroleum  ether.  After  three  crystallizations  the  carbinol 
has  m.p.  96®,  and  consists  of  colorless  crystals. 


Found  N  7-04,  7.21.  CioHnONS.  Calculated  N  7.25. 


The  iodomethylate  of  the  carbinol  is  obtained  by  heating  it  (1  mole)  with 
excess  of  methyl  iodide  (10  mole)  in  a  sealed  tube  at  120*  for  4  hours.  The 
crude  iodomethylate  is  washed  with  alcohol  and  ether  and  crystallized  from  water. 
After  two  crystallizations  the  iodomethylate  melts  at  206®  with  decomposition. 
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n-Propyl-['benzthl^zolyl-2]-car‘binol  (No.  3  in  Table  l)  from  o-hydroxyvaleric 
acid.  In  the  case  of  this  carbinol  the  treatment  of  the  contents  of  the  tube  is 
the  same  as  that  described  in  the  synthesis  of  the  previous  homolog.  The  yield 
of  crude  carbinol  is  75^  of  the  theoretical.  After  three  crystallizations  from  a 
20^  solution  of  toluene  in  petroleum  ether,  the  carbinol  has  m.p.  84*  and  consists 
of  colorless  crystals. 

Found  N  6.60,  6. 50.  C11H13ONS.  Calculated  N  6.76. 

The  iodomethylate  of  the  carbinol  after  two  crystallizations  has  m.p.  175* • 

The  picrate  of  the  carbinol  was  prepared  with  m.p.  112*  (from  50^  alcohol). 

n-Butyl- [benzthiazolyl-2 ] -carbinol  (No.  4  in  Table  l)  from  a-hydroxycaproic 
acid._  The  contents  of  the  tube  are  dissolved  in  25^  hydrochloric  acid  (60  ml). 

The  crude  carbinol  is  obtained  in  the  form  of  a  yellowish  oil  which  slowly 
crystallizes  on  cooling  (ice  and  salt).  The  resulting  crystals  are  freed  from 
the  viscous  liquid  which  saturates  them  by  filtering  under  vacuum  and  then  on  a 
porous  clay  plate.  The  liquid  separated  from  the  crystals  decolorizes  a  solution 
of  permanganate  and  bromine  water.  The  yield  of  carbinol  is  12  g,  68.2^  of  the 
theoretical.  After  three  crystallizations  from  petroleum  ether  (b.p.  i4-8-70*) 
the  carbinol  has  m.p.  58*  and  consists  of  colorless  crystals. 

Found  N  6.55^  6.46.  C12H15ONS.  Calculated  N  6.34. 

The  picrate  of  the  carbinol  was  prepared  with  m.p.  95*  (from  alcohol)  and 
the  iodomethylate  with  m.p.  II5*  (from  water) . 

n-Amyl- [ benzthiazolyl-2 ] -carbinol  (No.  5  in  Table  1)  from  cL-hydrqxyenanthic 
acid.  The  contents  of  the  tube  are  washed  with  water  (decanted)  and  mixed  with 
6  times  their  volume  of  a  20^  aqueous  solution  of  caustic  soda.  The  oil  which 
remained  undissolved  on  mixing  with  the  alkali  is  extracted  with  ether,  the 
extract  dried  with  potash,  the  solvent  distilled  off  and  the  crystalline  carbinol 
obtained  in  a  yield  of  about  56^  of  the  theoretical.  It  is  purified  by  crystal¬ 
lization  from  petroleum  ether;  the  pure  carbinol  consists  of  colorless  crystals, 
without  odor,  m.p.  65®. 

Found  N  6.I5,  6.16,  C13H17ONS.  Calculated  N  5.96. 

The  iodomethylate  of  the  carbinol  has  m.p.  130*  (from  alcohol  and  ether). 

n-Hexyl- [benzthiazolyl-2 ] -carbinol  (No.  6  in  Table  1)  from  a-hydroxycapryllc 
acid.  As  in  the  previous  case,  the  contents  of  the  tube  are  washed  with  water, 
whereupon  it  is  converted  into  a  semisolid  mass.  The  viscous  liquid  which 
saturates  the  crystals  is  filtered  off,  and  the  carbinol  is  obtained  in  a  yield 
of  about  35^  of  the  theoretical. 

The  carbinol  is  purified  by  crystallization  from  43^  aqueous  alcohol.  After 
four  crystallizations  colorless  crystals  of  m.p.  75*  obtained. 

Found  N  5.44,  5.51.  C14H19ONS.  Calculated  N  5-62. 

The  iodomethylate  of  the  carbinol  has  m.p.  124*  (from  water). 

Dimethyl- [benzthiazolyl-2 ] -carbinol  from  a-hydrqxyisobutyric  acid.  The 
synthesis  of  this  tertiary  alcohol  was  carried  out  in  a  similar  way  to  that 
described  above.  5  g  (1  mole)  o-aminothiophenol  and  4.6  g  (1.1  mole)  a-hydroxy- 
isobutyric  acid  were  taken  for  the  synthesis.  After  heating  the  original 
substances  in  a  sealed  tube  no  layer  of  water  was  observed.  The  contents  of 
the  tube  were  dissolved  in  40  ml  15^  hydrochloric  acid  and  submitted  to  the  treat¬ 
ment  used  in  the  preparation  of  ethyl  benzthlazolyl  carbinol.  The  yield  of  dimethyl- 
benzthiazolyl  carbinol  (before  crystallization)  was  about  72^  of  the  theoretical. 
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After  three  crystallizations  from  a  20^  solution  of  xylene  in  petroleum  ether 
the  carbinol  is  obtained  in  the  form  of  colorless  crystals  with  a  faint 
thiazole  odor  and  m.p.  80* . 

Found  N  7-25,  7.1^.  CioHnONS.  Calculated  N  7.25. 

Investigation  of  the  liquid  which  separates  in  the  synthesi^of  hexyl- 
[benzthiazolyi-2] -carbinol.  The  viscous,  yellowish  liquid  which  separates  from 
the  crude  hexyl -benzthlazolyl  carbinol  (see  above)  has  the  properties  of  an 
unsaturated  compound:  a  benzene  solution  of  it  instantaneously  decolorizes 
bromine  water  and  permanganate.  0.25  g  of  this  liquid  was  dissolved  in  6  ml 
dry  ether,  and  the  solution  was  titrated  with  a  solution  of  bromine  in  dry 
carbon  tetrachloride.  The  precipitate  of  bromine  addition  product  was  filtered 
off  and  crystallized  from  alcohol,  m.p.  215*,  colorless  fine  crystals. 

Found  Br  39.^5,  39.^7.  For  the  dibromide  of  symmetrical  amyl  benz- 
thlazolyl-2-ethylene  Ci4Hi7NBr2  the  computed  percentage  of  Br  is  l^■0,92. 

3.  Thermal  decomposition  of  hexyl- [benzthiazolyl-2] -carbinol.  0,6  g  hexyl - 
benzthiazolyl-carbinol  is  heated  in  a  sealed  glass  tube  at  16O-I80*  for  15  hours. 
A  liquid  is  formed  which  does  not  solidify  on  cooling. 

This  liquid  was  dissolved  in  chloroform  and  a  hot  chloroform  solution  of 
0.25  g  picric  acid  was  added  to  the  solution.  The  mixture  is  cooled,  and  the 
separated  picrate  filtered  off  and  recrystallized  from  alcoholj  it  melts  at 
l68*  and  a  mixture  of  it  with  the  picrate  of  benzthiazole  melts  at  168* . 

The  chloroform  filtrate,  separated  from  the  picrate,  is  washed  with  dilute 
hydrochloric  acid  and  then  with  a  20^  solution  of  caustic  potash.  The  potassium 
picrate  which  separates  is  filtered  off,  the  chloroform  solution  dried  with 
anhydrous  sodium  sulfate  and  the  solvent  distilled  off.  In  the  residue,  in  the 
dark  liquid  which  had  a  characteristic  odor  of  oenanthol,  the  presence  of  the 
latter  was  shown  by  preparing  by  the  usual  method  its  2,ii--dinltrophenylhydrazone 
with  m.p.  106*.  This  does  not  give  any  depression  with  the  authentic  dinitro- 
phenylhydrazone  of  oenanthol. 

4 .  Alkyl-benzthiazolyl-2-ketones .  The  method  for  oxidizing  secondary 
benzthlazolyl  alcohols  to  ketones  differs  in  many  details  from  the  one  which 
was  used  previously  for  the  preparation  of  methylbenzthiazolyl-2-ketone  [1]. 

An  alkyl -benzthiazolyl-carbinol  (1  mole)  and  chromium  trioxide  (0.66  mole 
+  10^  excess)  are  dissolved  in  acetic  acids  the  first  in  5  times  the  quantity 
of  glacial  acetic  acid,  and  the  second  in  5  times  the  quantity  of  70^  acid. 

The  solutions  are  heated  to  95*  and  gradually  mixed,  adding  the  oxidizing 
agent  to  the  solution  of  carbinol,  when  the  temperature  of  the  mixture  rises  to 
IIO-II5*  and  the  liquid  boils  up. 

The  mixture  is  heated  for  4o  minutes  at  110-112*,  the  transparent  green 
solution  is  cooled  to  20*  and  I.5  times  the  quantity  of  water  is  added  to  itj 
the  ketone  separates  either  in  a  crystalline  condition  or  in  the  form  of  an 
oil  which  sometimes  solidifies  on  cooling.  In  the  first  case  the  ketone  is 
filtered  off  eind  washed  with  water,  and  in  the  second  it  is  extracted  with  ether 
and  the  solvent  is  then  distilled  off.  The  crude  ketones  contain  an  admixture 
of  unoxidized  carbinol,  for  the  separation  of  which  they  are  slightly  heated 
with  excess  of  20^  hydrochloric  acid,  in  which  they  are  Insoluble, 

The  ketones  are  crystallized  from  alcohol  or  from  aqueous  alcohol  (30-50^) . 
The  pure  ketones  are  colorless  crystalline  substances,  but  hexyl -benzthiazolyl- 
ketone  was  not  obtained  in  the  solid  state. 


The  constants  of  the  ketones  are  given  in  Table  2,  and  additional 
information  about  them  is  given  in  Table  3. 

Table  3 


The  yield  of  alkyl  benzthiazolyl -2-ketones  and  results  of  their  analysis 


Test  1 
No.  , 

j 

Name  of  ketone 

i 

’  Yield 

W 

!  Molecular 

formula 

1 

'Estimation  of 
nitrogen  (‘i) 

j  r 

Found 

Calc. 

2 

'  Ethyl  benzthlazolyl-2-ketone 

65 

1 

1  CioHgONS 

1 

- 

3 

n-Propyl  benzthlazolyl-2- 

1 

i  ketone 

52 

,  CuHiiONS 

6.74;  6.92 

6.85 

4 

n-Butyl  benzthlazolyl-2- 

1 

ketone 

48 

C12H13ONS 

,6.37j  6.54 

6.39 

5 

n-Amyl  benzthiazolyl -2- 

j  ketone 

50 

C13H15ONS 

‘6.01;  5.88 

6.01 

6 

n-Hexyl  benzthlazolyl-2- 

ketone 

45 

C14H17ONS 

5.53J  5.71  1 

5.67 

Note 

.  In  this  table  and  in  table  2 

the  same  ketones  have 

the  same  index 

number . 

Ethyl  benzthiazolyl-2-ketone  was 

analyzed  for  sulfur j 

found  ’fji  S  16.88. 

CioHgONS. Calculated  S  16.76. 

The  yield  of  ketones 

was  calculated 

on  the 

product  obtained  after  purification  with  hydrochloric  acid. 

i’henylhydrazones .  Two  phenylhydrazones  were  obtained:  from  ethyl  benzthla- 
zolyl-2-ketone  (m.p.  123*  from  xylene)  and  from  propylbenzthiazolyl-2-ketone 
(m.p.  of  hydrazone  88®,  from  alcohol).  The  phenylhydrazones  are  formed  by  heating 
concentrated  solutions  of  the  ketone  (1  mole)  and  excess  of  phenylhydrazlne  (1.5 
mole)  in  glacial  acetic  acid.  To  prepare  the  p-nitrophenylhydrazones,  solutions 
of  the  ketone  (1  mole)  and  p-nltrophenylhydrazlne  (1.1  mole)  in  glacial  acetic  acid 
are  prepared.  5-7  times  excess  of  acid  are  taken  to  dissolve  each  component.  The 
hot  solutions  are  mixed  andboiled  for  1-2  minutes.  If  the  p-nltrophenylhydrazone 
does  not  crystallize  on  slow  cooling,  it  is  separated  by  adding  water  until  the 
mother  liquor  becomes  turbid.  The  crude  nitrophenylhydrazones  are  washed  with  a 
15^  solution  of  soda  and  with  water,  alcohol  and  ether  and  crystallized  from  alcohol 
or  xylene.  The  constants  of  the  p-nitrophenylhydrazones  are  given  in  Table  2.  The 
pure  p-nitrophenylhydrazones  consist  of  pale  yellow  crystals  which  are  soluble  in 
concentrated  sulfuric  acid  with  an  intense  red  coloration. 

SUMMARY 

1.  By  the  condensation  of  a- hydroxy-aliphatic  acids,  homologs  of  lactic  acid, 
with  o-aminothiophenol,  some  secondary  benzthiazolyl  alcohols  were  synthesized,  viz,; 
ethyl-,  n-propyl-,  n-butyl-,  n-amyl-,  n-hexylbenzthiazolyl-2-carbinols j  the  proper¬ 
ties  of  the  compounds  of  this  new  homologous  series  were  investigated.  In  a  similar 
way,  from  a-hydroxyisobutyric  acid  the  first  member  of  a  homologous  series  of 
tertiary  dialkyl -benzthiazolyl-2-carbinols  was  obtained;  dimethyl  benzthiazolyl-2- 
carbinol. 

2.  Five  benzthiazolyl  ketones,  members  of  a  new  homologous  series  of  alkyl 
benzthiazolyl  ketones,  were  obtained  by  the  oxidation  of  secondary  benzthiazolyl 
alcohols  with  chromic  oxide  in  acetic  acid,  and  their  properties  were  desci^ibed. 
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A  STUDY  OF  TRANSFORMATIONS  OF  PINACONES  WITH  SUBSTITUTED  ACETYLENIC  RADICALS 


VIII.  SYNTHESIS  AND  TRANSFORMATIONS  OF  TRIMETHYLPHENYIACETYLENYL 
ETHYLENE  GLYCOL  (2,3-DIMETHYL-5-PHENYL-PENTYNE-4-DIOL-2,3) 

E.  D.  Venus -Danilova,  V,  I.  Serkova  and  L.  A.  Pavlova 


It  has  been  noted  in  previous  communications  [1-6]  that  for  pinacones  of 
the  acetylenic  series  (I)  two  sorts  of  transformations  are  possible,  the 
pinacolin  and  the  acetylene-allene,  and  they  take  place  under  the  catalytic 
influence  of  sulfuric  acid. 

In  a  pinacolin  transformation,  ketones  of  the  acetylenic  series  (II)  are 
formed)  as  a  result  of  an  acetylene-allene  transformation  we  have  ethylenic 
1-ketoalcohols  (III)  and  products  of  their  further  cyclization,  substituted 
hydroxydihydrof urans  ( IV) . 


Ri. 

^COH-COH 


C--  C-R4 


(I) 


Rz 


R3 


>COH-t=CH“CO-R4 


R2 

Ri-co~c-c-  C-R4 
Ra 
(II) 


R3-q===CH 
Ri 


Rz 


R4 


OH 


(III)  (TV) 

The  character  of  the  transformation  of  an  acetylenic  pinacone  depends  on  the 
nature  of  the  radicals  Ri,  R2,  R3  and  R4,  and  also  on  their  relative  position  In 
the  molecule  of  original  pinacone. 


It  was  previously  ascertained  that  when  there  are  two  methyl  groups  adjoining 
the  first  carbon  atom  of  the  pinacone  with  a  hydroxyl  group  attached  (Ri  and  Rs  = 

=  CH3),  and  when  R3  is  an  aryl  group  (phenyl  or  p-tolyl),  only  isomerization  of  the 
acetylene-allene  rearrangement  type  [1,2,5]  is  observed,  but  when  there  are  two 
phenyl  groups  (Ri  and  Rg  =  CeHs,  R3  =  CH3)  only  a  ketone  is  formed,  l.e.,  only 
the  pinacolin  transformation  occurs  [4], 

When  there  was  a  methyl  and  a  phenyl  group  (Ri  =  CH3,  Rs  =  CeHs)  on  the 
first  carbon  atom  with  a  hydroxyl  group  attached,  and  a  phenyl  group  on  the  second 
(R3  =  CeHs) ,  then  Independently  of  the  nature  of  the  radical  on  the  triple  bond 
[R  =  CeHs  or  C(CH3)3],  both  the  pinacolin  and  the  acetylene-allene  rearrangements 
[5>6]  were  observed. 


In  order  to  study  further  the  relative  influence  of  atoms  and  groups  of  atoms 
in  molecules  of  organic  compounds,  and  in  particular  of  different  radicals  on  the 
transformation  of  ditertiary  ot-glycols  of  the  acetylenic  series,'  we  synthesized 
a  new  representative  of  the  acetylenic  series  of  pinacones,  trimethylphenylacety- 
lenyl  ethylene  glycol  (2,5-dimethyl-5-phenyl-pentyne-4-dlol-2,5) (V)  and  subjected 


it  to  the  action  of  sulfuric  acid  in  the  conditions  described  earlier. 


It  might  be  suggested  that  the  presence  of  two  methyl  groups  on  the  first 
carbon  atom  with  a  hydroxyl  group  attached  would  promote  the  acetylene-allene 
transformation,  but  a  methyl  group  on  the  second  carbon  atom  would  promote  the 
pinacolin  transformation.  Therefore  the  formation  of  transformation  products 
consisting  of  an  acetylenic  ketone  and  an  ethylenic  B-ketoalcohol  or  products 
of  its  further  transformation  may  be  expected.  And  actually  a  ketone  of  the 
acetylenic  series  was  obtained  from  the  pinacone  by  the  action  of  sulfuric  acid, 
dimethylphenylacetylenyl-acetylmethane  (5,5-dimethyl-5-phenyl-pentyne-4-one-2) 
(Vl),  and  dehydration  andcleavgge  products  of  an  unsaturated  v-ketoalcohol 
(2,3-dimethyl-5-phenyl-pentene-5-ol-2-one-5)  (VIl),  a  dienic  ketone  (2,5-dimethyl- 
5-phenyl-pentadiene-l,5-one-5)  (VIIl)  and  a  mixture  of  ethylidene  acetophenone 
(IX)  and  acetone. 


CH3 


,CH3 

CH3  / 

'>COMOH 
CH3 


(V) 


C^C-CeHs 


CH3 


CH3 


C--C=CH-C0-C6H5 


(VIII) 


CH3-CH=Cff— CO-CeHs  +  CH3-CO-CH3 
(DC) 


Trimethylphenylacetylenyl  ethylene  glycol  (V)  was  synthesized  by  Iotsich*s 
method  from  phenylacetylene  magnesium  bromide  and  dimethylacetyl  carbinol.  The 
pinacone  (V)  had  the  appearance  of  a  viscous,  almost  colorless  substance  with 
b.p.  150-152*  at  5  which  did  not  crystallize  on  long  standing. 

After  heating  the  pinacone  with  50^  sulfuric  acid,  the  reaction  products 
which  were  extracted  from  acid  and  from  neutral  solutions  were  investigated  in 
the  usual  way. 

The  acetylenic  ketone  (VI),  a  vaseline-like  mass  with  b.p.  221-228*  at  2  mm, 
and  a  mixture  of  the  dienic  ketone  (VIII)  with  the  unsaturated  ^-ketoalcohol  (VII), 
were  separated  from  the  acid  solution. 


The  structure  of  the  acetylenic  ketone  was  confirmed  from  its  oxidation 
products  acetic,  benzoic  and  a-hydroxyisobutyric  acids,  mixed  with  the  partial 
degradation  products  of  the  latter,  ~  (x-methacrylic  acid,  acetone  and  formic  acid. 

On  distilling  the  mixture  of  unsaturated  T6-ketoalcohol  and  its  dehydration 
product,  the  dienic  ketone,  under  reduced  pressure,  the  individual  substances  were 
not  isolated.  In  order  to  attain  complete  dehydration  of  the  unsaturated  "S-keto- 
alcohol,  the  mixture  was  heated  with  excess  of  acetic  anhydride.  This  method  was 
used  earlier  in  studying  the  isomerization  products  of  methyldlphenyl-tert . -butyl- 
acetylenyl  ethylene  glycol  [6]  and  gave  good  results.  In  this  case  the  unsaturated 
^-ketoalcohol  was  completely  dehydrated  by  acetic  anhydride  to  the  dienic  ketone 
(VIII),  the  structure  of  which  was  proved  by  its  oxidation  products  (diacetyl, 
and  benzoyl  formic,  benzoic  and  formic  acids)  and  by  the  semicarbazone. 


The  faint  fluorescence  of  the  acid  solution  disappeared  after  neutralization; 
ethylidene  acetophenone  (IX)  was  extracted  from  the  neutral  solution. 

The  presence  of  ethylidene  acetophenone  and  acetone  in  the  neutralized 
solution  can  be  explained  by  the  decomposition  of  the  unsaturated  'S-ketoalcohol 
under  the  Influence  of  the  alkaline  medium.  The  ethylenlc  ifi-ketoalcohol  could 
be  formed  by  opening  the  ring  of  2-phenyl -4,5, 5-tr imethyl-2-hydroxydihydrof uran- 
2,5,  which  was  formed  by  the  hydrolysis  of  its  unstable  oxonium  salt.  There  was 
a  definite  fluorescence  when  this  salt  was  present  in  the  acid  solution. 

Thus,  in  the  isomerization  of  trlmethylphenylacetylenyl  ethylene  glycol  (V) 
it  was  not  possible  to  separate  and  investigate  in  more  detail  the  first  product 
of  its  acetylene-allene  transformation,  2,5-dimethyl-5-phenylpentene-5-ol-2-one- 
5  (VII). 

Distillation  of  the  ethylenlc  T-ketoalcohol  under  reduced  pressure  causes 
water  to  split  off,  but  under  the  influence  of  alkali  its  ketonic  decomposition 
takes  place.  The  instability  of  unsaturated  ^-ketoalcohols  was  noticed  by  us 
earlier  in  samples  of  2,3,5-'triphenylpentene-3-ol-2-one-5  [5]^  which  decomposes 
on  distillation  under  reduced  pressure  into  acetophenone,  benzalacetophenone 
and  2,3-diphenyl-6,6-dlmethyl-heptene-3-ol-2-one-5  [6],  which  loses  water  on 
distillation  and  changes  into  a  dlenlc  ketone. 

In  studying  seven  plnacones  of  the  acetylenic  series  [1-6],  up  to  the  present 
it  is  only  for  dlmethylphenyl-tert . -butylacetylenyl  ethylene  glycol  that  a  stable 
ethylenlc  / -ketoalcohol  has  been  isolated.  This  is  2,6,6-trlmethyl-3-phenyl- 
heptene-3-ol-2-one-5  and  it  has  been  characterized  in  detail. 

EXPERIMENTAL 

1.  Synthesis  of  trlmethylphenylacetylenyl  ethylene  glycol  (2,3-dimethyl-5- 
phenylpentene-4-diol-2,3)  (V) .  The  glycol  was  synthesized  by  Iotsich*s  method 
from  phenylacetylene  and  dimethylacetylcarbinol,  which  was  obtained  by  the 
hydration  of  dimethylacetylenylcarbinol  [?]•  After  five  syntheses  76  g  of  the 
pinacone  of  b.p.  150-152*  at  5  n™  were  separated  as  a  viscous  light  green 
glycerine-like  mass.  Yield  52^,  calculated  on  the  original  dimethylacetyl¬ 
carbinol. 

0.1125  g  substance;  0.3l4l  g  CO2J  O.O815  g  H2O;  O.IO36  g  substance;  0.2895  8 
CO2;  0.0770  g  H2O.  Found  G  76.15,  76.21;  H  8.04,  8.25,  C13H16O2.  Calculated 
C  76.47;  H  7.80.  0.5159  g  substance;  26.54  g  CeHet  -^t  0,52*.  Found  M  I86. 
C13H16O2.  Calculated  M  204.  0,1104  g  substance;  27-7  ml  CH4  (I8*,  755  mm). 

Found  Yo  25.5  ml;  'jt;  OH  17.50.  Ci3Hi4(0H)2.  Calculated  Vq  25. 0  ml;  jo:  OH  16,67. 

2.  Action  of  30^  sulfuric  acid  on  trlmethylphenylacetylenyl  ethylene  glycol. 

12  g  glycol  in  ten  times  the  quantity  of  30^  sulfuric  acid  were  heated  to  gentle 
boiling  for  3  hours  with  vigorous  stirring.  At  the  end  of  the  heating  the  reaction 
mixture  separated  into  layers,  the  upper  one  a  brown  oily  layer  and  the  lower  one 

a  pale  yellow  one  with  an  appreciable  greenish-yellow  fluorescence.  7  g  dark 
liquid  was  obtained  from  the  ether  extract  of  the  acid  solution. 

After  extracting  with  ether  the  acid  fluorescent  solution  was  neutralized 
with  soda.  According  to  the  amount  of  neutralization  the  fluorescence  disappeared 
and  a  yellow  viscous  mass  separated,  which  was  extracted  with  ether.  After  dis¬ 
tilling  off  the  ether  4.5  g  of  a  viscous,  reddish  substance  remained. 

Acetone  was  observed  in  the  aqueous  neutralized  solution  by  the  color  reaction 
with  sodium  nitroprusside,  the  iodoform  test  and  the  formation  of  a  2,4-dinitro- 
phenylhydrazone  of  m.p.  124*. 


The  trlmethylphenylacetylenyl  ethylene  glycol  was  treated  4  times  with  30^ 
sulfuric  acid  with  heating.  The  results  of  the  experiments  are  given  in  Table  1. 

3.  Investigation  of  transformation  products  of  pinacone,  separated  from 
acid  solution^  to~(iis^liation  under  reduced  pressure  at  2  mm  the  dark  oily 
liquid  gave  3  fractions;  I  -  b.p.  75-100* ^  II  “  b.p.  100-130* j  III  -  b.p. 

220-228*.  There  was  a  considerable  quantity  of  tar  in  the  residue. 

Fraction  I  with  b.p.  75-100*  at  2  mm  was  very  small  —  in  all  a  few  drops  of 
an  easily  mobile  liquid  with  a  pleasant  flowery  odor,  giving  a  reaction  for  the 
ketone  group  with  a  solution  of  sodium  nitroprusside.  As  further  investigations 
showed,  this  small  fraction  corresponded  to  a  dienic  ketone  —  a  dehydration 
product  of  an  ethylenic  TJ-ketoalcohol. 

Fraction  II  with  b.p.  100-130*  at  2  mm,  which  was  a  yellowish  liquid  of 
pleasant  odor,  was  again  distilled  in  vacuo  at  2  mm.  A  main  fraction  boiling  at 
100-120*  and  a  few  drops  of  a  substance  with  b.p.  120-150*  were  separated.  A 
considerable  amount  of  tar  was  obtained  in  the  residue,  as  in  the  other  cases. 

The  main  fraction  (b.p.  100-120*  at  2  mm)  reacted  with  magnesium  methyl 
iodide  with  evolution  of  methane,  with  an  aqueous  solution  of  potassium  per¬ 
manganate  and  with  a  solution  of  semicarbazide  acetate.  Analyses  (determination 
of  the  percentage  of  carbon  and  hydrogen  and  number  of  hydroxyl  groups)  showed 
that  this  fraction  was  not  homogeneous  and  that  it  evidently  consisted  of  a 
mixture  of  an  ethylenic  i5-ketoalcohol  “  2,3-dimethyl-5-phenylpentene-5-ol-2-one-5 
-  and  its  dehydration  product  —  the  dienic  ketone  (2,5-dlmethyl-5-phenylpentadiene- 
l,5-one-5) . 

A.  The  dienic  ketone  —  2,3-dimethyl-3-phenylpentadiene-l,3-one-5  (VIII) . 

Since  it  was  not  possible  to  isolate  the  ethylenic  T5-ketoalcohol  in  the  pure 
state  on  account  of  the  fact  that  it  dehydrated  easily  on  distillation,  it  was 
converted  into  the  dienic  ketone. 

7  g  of  a  mixture  of  the  unsaturated  TS-ketoalcohol  with  the  dienic  ketone 
added  were  heated  to  155-l60*  with  an  equal  volume  of  acetic  anhydride  for  1,5 
hours . 

The  excess  of  acetic  anhydride  was  decomposed  by  water,  and  the  substance 
extracted  with  ether  and  distilled  in  vacuo;  b.p,  80-90*  at  4  mm,  yield  2,7  g; 
there  was  a  considerable  quantity  of  tar  in  the  residue. 

The  resulting  yellowish-greenish  liquid  of  pleasant  odor  decolorized  an 
aqueous  solution  of  potassium  permanganate,  did  not  show  any  reaction  for  the 
hydroxyl  group  and  gave  a  semicarbazone  in  the  form  of  lustrous  plates  (from 
alcohol)  with  m.p.  132*. 

Analysis  of  substance  boiling  at  80-90*  at  4  mm. 

0.0650  g  substance;  O.I985  g  CO2;  0,046l  g  HgO.  Found  C  85.33;  H  7.88. 
C13H14O.  Calculated  C  83*87;  H  7*52.  O.2352  g  substance;  27.21  g  CeHet 

At  0.25*.  Found  M  173.  C13H14O.  Calculated  M  I86. 

Analysis  of  semicarbazone  of  m.p.  132*. 

0,1064  g  substance;  0.2672  g  COg;  O.O65O  g  HgO;  0,0828  g  substance;  12.2  ml 
N2  (15*,  776  mm).  Found  C  68.53;  H  6.6O;  N  17*53.  C14H17ON3.  Calculated 

C  69.14;  H  7.00;  N  17.20. 
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_Oxidation_of  the  subs^nre  boiling  at  80-90*^  at  4  mm.  1.2  g  of  the  substance 
were  oxidized  with  the  calculated  quantity  of  potassium  permanganate  at  room  temp¬ 
erature  and  with  vigorous  stirring  (l  g  of  the  potassium  permanganate  was  added  as 
a  2^  aqueous  solution,  and  the  remaining  3.7  g  of  the  oxidizing  agent  in  the  form 
of  a  finely  ground  powder) .  The  reaction  proceeded  with  slight  evolution  of  heat 
and  was  complete" in  2.5  hours.  From  the  resulting  ether  extract  a  yellow  liquid 
boiling  at  86*  [8]  was  separated,  and  it  gave  a  ^henylhydrazone  with  m.p,  242*  which 
did  not  give  any  depression  of  the  melting  point  with  authentic  diacetyl  hydrazone. 

On  decomposing  the  organic  salts  benzoic  acid  (m.p.  120-121*)  was  separated, 
which  did  not  show  any  depression  of  the  melting  point  when  mixed  with  benzoic  acid. 
With  water  vapor  formic  acid  was  formed  (the  precipitate  of  the  lead  salt  was  not 
soluble  in  alcohol,  and  an  ammoniacal  solution  of  silver  oxide  was  blackened). 

The  acid  which  was  not  volatile  in  steam  was  benzoylformic  acid,  which  forms  the 
corresponding  phenylhydrazide  of  m.p.  153*  [9]  with  a  solution  of  phenylhydrazine 
hydrochloride . 

Therefore,  elementary  analysis  of  the  substance  with  b.p.  80-90*  at  4  mm  and 
of  its  semicarbazone,  and  also  the  oxidation  products  obtained  from  it  confirm  the 
structure  of  the  dienic  ketone. 

B.  The  ethylenic  "J-l^toalcohol  -  2,3-dimethyl-5-phenylpenten^-3-ol-2-one-5 
(VII) .  When  the  acetylenic  pinacone  transformation  products  separated  from  acid 
solution  are  distilled  in  vacuo  for  a  second  time,  a  very  small  amount  of  a  sub¬ 
stance  boiling  in  the  range  120-130*  at  2  mm  was  obtained  in  addition  to  the  main 
fraction  boiling  at  100-120*  at  2  mm,  which  contained  a  mixture  of  an  unsaturated 

3-ketcalcohol  and  a  dienic  ketone.  Analysis  was  carried  out  and  the  molecular 
weight  of  this  product  was  found,  which  gives  a  reason  for  supposing  this  substance 
to  be  an  ethylenic  5-ketoalcohol  -  2,3-dimethyl-5-phenyl-pentene-3-ol-2-one-5. 

0.1562  g  substance;  0.^395  g  C02;  0,ll6l  g  H2O;  0,1389  g  substance;  O.3876 
g  CO2J  0.0997  g  H2O.  Found  C  76.68,  iS.lk-,  H  8.27,  8.02.  C13H16O2.  Calcu¬ 
lated  C  76.47;  H  7.80.  0.2178  g  substance;  12,37  g  CaHe;  \t  0,48*.  Found: 

M  l84.  C13H16O2.  Calculated;  M  204. 

C. _  A  ketone  of  the  acetylenic  series  -  3^3-dimethyl-5-phenyl-pentene-4-one- 

2  (VlT  1  (dimethylphenylacetylenylacetylmethane) .  The  substance  with  b.p.  220-228* 
at  2  mm  (fraction  III  obtained  in  the  first  distillation  of  the  transformation 
products  of  the  acetylenic  pinacone,  which  were  separated  from  acid  solution)  is  a 
viscous  liquid,  which  does  not  crystallize  on  standing,  reacts  slowly  with  an  aque¬ 
ous  solution  of  potassium  permanganate  in  the  cold,  and  does  not  show  the  presence 
of  hydroxyl  groups. 

0,1268  g  substance;  0,3880  g  CO2;  O.O909  g  H2O.  Found  C  83.50;  H  7-94. 
C13H14O.  Calculated  C  83.87;  H  7*52.  0,2696  g  substance;  23.14  g  CeHe:  At 

0.32*.  Found;  M  l82.  C13H14O.  Calculated;  M  I86, 

The  semicarbazone  was  not  obtained.  A  negative  reaction  for  the  carbonyl 
group  was  observed  earlier  for  the  methyl-phenyl-phenylacetylenyl -benzoyl-methane 
[4]  of  similar  structure. 

To  establish  its  structure  the  acetylenyl  ketone  was  oxidized  in  pyridine 
solution  by  potassium  permanganate  in  conditions  described  in  previous  papers 

5,  6], 

2.2  g  ketone,  50  ml  freshly  distilled  pyridine  and  5  g  potassium  permanganate 
(2  g  as  2^  aqueous  solution  and  3  g  in  the  dry  state)  were  taken.  Acetone  was 
found  in  the  volatile  neutral  oxidation  products,  and  was  characterized  by  the 
2,4-dinitrophenylhydrazone  of  m.p.  123*,  and  in  the  products  non-volatile  in  steam 
0.2  g  of  the  original  ketone. 
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On  decomposing  salts  of  the  organic  acids  with  dilute  sulfuric  acid  a  copious 
yellowish-gray  precipitate  was  formed.  On  heating  with  water  the  salt  was 
observed  to  dissolve  incompletely.  After  filtering  and  cooling,  fine  white  crys¬ 
tals  separated  from  the  filtrate.  From  their  m.p.  of  120-121*  and  by  a  mixing 
test  they  were  proved  to  be  benzoic- acid. 

The  portion  insoluble  in  water  was  extracted  with  ether  and  purified  by  boil¬ 
ing  with  animal  charcoal.  After  distilling  off  the  solvent  a  crystalline  sub¬ 
stance  with  m.p.  76*  was  obtained. 

To  identify  this  acid  its  silver  salt  was  obtained  by  a  double  decomposition 
reaction  between  the  ammonium  salt  and  silver  nitrate. 

0.1155  g  salt:  0.0577  g  Ag.  Found. Ag  50*83.  C4H703Ag,  Calculated 
Ag  51.13. 

The  results  of  analysis  of  the  silver  salt  and  the  melting  point  of  the  cor¬ 
responding  acid  showed  that  it  was  a-hydroxyisobutyric  acid  [10], 

The  acids  volatile  in  steam  were  collected  in  six  fractions.  In  the  first 
fraction  traces  of  formic  acid  were  observed  by  the  formation  of  a  characteristic 
precipitation  of  the  lead  salt  and  by  the  reduction  of  mercuric  chloride  to  calomel. 

The  acids  contained  in  the  first,  third  and  fifth  fractions  were  converted  to 
the  silver  salts  by  heating  with  freshly  precipitated  silver  carbonate  in  water. 

The  salts  obtained  from  the  first  and  third  fractions  turned  black  on  evaporation, 
which  showed  that  there  was  an  admixture  of  formic  acid.  The  solution  of  silver 
salts  of  the  fifth  fraction  deposited  the  acetate  after  boiling  and  filtering. 

0.1166  g  salt:  0.07^8  g  Agj  0.1584  g  salt;  O.O889  g  Ag.  Found  ‘jot  Ag 
64.15,  64.25.  CHaCOOAg.  Calculated  Ag  64.65. 

After  distillation  of  the  acids  volatile  in  steam,  an  ether  extract  was  made 
in  order  to  separate  the  organic  acids  not  volatile  in  steam,  and  this  was  decolor¬ 
ized  with  animal  charcoal.  After  distilling  off  the  ether  a  low-melting  yellowish 
mass  remained,  which  was  sharply  acid  in  reaction,  and  instantaneously  decolorized 
an  aqueous  solution  of  potassium  permanganate  and  a  solution  of  bromine  in  chloro¬ 
form.  On  standing,  the  substance  polymerized  to  a  glassy  mass. 

It  may  be  assumed  that  the  resulting  acid  is  methacrylic  acid  [11],  which 
could  be  formed  by  splitting  off  water  from  a-hydroxyisobutyric  acid  by  heating 
in  the  presence  of  sulfuric  acid  (in  the  distillation  of  the  acids  volatile  in 
steam) . 

The  resulting  oxidation  products  of  the  acetylenic  ketone  -  benzoic,  acetic, 
a-hydroxyisobutyric  acids  and  the  decomposition  products  of  the  latter  [10],  into 
acetone  and  formic  acid  on  the  one  hand,  and  methacrylic  acid  on  the  other  hand, 
confirm  the  proposed  structure  of  the  acetylenic  ketone. 

4.  Investigation  of  the  transformation  products  of  the  pinacone,  separated 
from  neutral  solution.  The  viscous,  reddish  liquid  extracted  by  ether  from  the 
neutralized  solution  was  distilled  under  reduced  pressure  at  7  inm  ^ind  boiled  at 
112-120* . 

The  resulting  liquid  quickly  thickened  and  darkened  in  air  and  soon  solidi¬ 
fied  to  a  glassy  mass. 

The  freshly  distilled  substance  was  analyzed, 

0.1176  g  substance:  0,55^1  g  CO2J  0.0771  g  HgO.  Found  C  82.12 j  H  7.28. 
CioHioO.  Calculated  <^1  C  82,19j  H  6,84.  0.l6o4  g  substance:  15*71  g  CeHeS  At 

0.20*.  Found:  M  291.  CioHiqO.  Calculated:  M  l46.  C20H20O2.  Calculated:  M  292. 

The  molecular  weight  of  the  substance  was  observed  to  increase  on  standing. 
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The  freshly  distilled  substance 
gave  a  pyrazoline,  a  yellow  crystal¬ 
line  substance  with  m.p.  107“  [12]. 

The  properties  of  the  substance 
boiling  at  112-120®  at  7  nim  and  the 
formation  of  a  pyrazoline  indicate 
the  presence  of  ethylidene  acetophen¬ 
one.  According  to  the  literature 
[15],  ethyl ideneacetophenone  bolls  at 

11^-115“  at  11  mm,  but  pyrazoline  has 
b.p.  108“  [12]. 

SUMMARY 


Test 

No. 

Quant i ty 1 Quantity 
of  gly-  ' of  H2SO4 
col,  g  (ml) 

1 

1 

1 

Quantity  of  sub¬ 
stance  separa¬ 
ting^  as: 

acid  sol- 1 neutral- 
ution,  g  1 Ized  sol- 
_ Lution,,  g_ 

1  ! 

12.0 

'  120 

1  1 

i  7.0  1  4.5 

2 

1  6.5 

i  65 

1  4.5  2.0 

5 

25.0 

1  250 

16.0  j  7.0 

4  ' 

1  10.0 

100 

i  6.5  i  3.5 

1.  A  new  representative  of  the 

pinacones  of  the  acetylenic  series  -  trlmethylphenylacetylenyl  ethylene  glycol  (2,5- 
dimethyl-5-phenylpentene-4-diol-2,5)  “  was  synthesized,  and  its  transformation  by 
the  catalytic  action  of  50^  sulfuric  acid  was  studied. 

2.  Its  following  transformation  products  were  isolated  and  characterized: 
the  acetylenic  ketone  dimethylphenylaretylenylacetyl  methane  (5, 5-<iini^'thyl-5-phen- 
ylpentene-4-one-2)  and  the  decomposition  products  of  an  ethylenic  a-ketoalcohol 
(2,5-dlmethyl-5-phenylpentene-5-ol-2-one-5)  -  the  dlenic  ketone  (2,5-dimethyl-5- 
phenylpentadlene-l,5-one-5) ,  ethylidene  acetophenone  and  aretone. 

5.  The  hypothesis  that  the  methyl  groups  on  the  first  carbon  atom  of  the 
plnacone  with  a  hydroxyl  group  attached  promote  the  aretylene-allene  rearrangement 
(the  formation  of  an  ethylenic  '^-keto-alcohol  and  products  of  its  further  trans¬ 
formation),  but  that  the  occurrence  of  methyl  on  the  second  hydroxyl-substituted 
carbon  promotes  the  pinacolin  rearrangement  (formation  of  a  ketone)  was  confirmed. 
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SPECIFIC  HEAT  OF  THE  HALIDES  KCl,  KBr  and  KI  AT  HIGH  TEMPERATURES. 

S,  M.  Skuratov  and  S,  A.  Lapushkln 

The  results  of  different  authors  on  the  specific  heat  of  salts  at  high  temp¬ 
eratures  differ  very  widely  from  each  other.  In  particular  for  the  specific  heats 
of  KCl  and  Kbr,  evaluation  of  the  data  [1-2]  given  in  the  literature  led  Kelley 
[5]  to  the  following  equations: 

C  =  10.93  +  3 .76 *10”^  T  ±  2^  in  the  temperature  range  273  -  1045*  K. 
pKL  J. 

CpKBr  =  11 *49  +  3.60*10"^  T  ±  2^  in  the  temperature  range  273  -  5^3*  K, 
where  Cp  is  the  true  molecular  heat. 

For  KI  there  is  only  Renault ‘s  measurement  (in  l84l),  given  for  the  tempera¬ 
ture  range  99  to  20* . 

Later  measurements  of  the  average  specific  heat  of  KCl,  carried  out  by  Lya- 
shenko  [4]  and  Vishnyakov  [5],  which  do  not  come  into  Kelley*s  evaluation,  also 
differ  considerably  from  each  other  (3.5^  at  700*). 

As  we  intended  to  use  these  salts  for  the  calibration  of  a  calorimeter  con¬ 
structed  in  the  Heat  Laboratory  of  the  Moscow  State  University  for  the  determin¬ 
ation  of  the  true  specific  heat  of  salts,  we  could  not  be  satisfied  with  the  above 
degree  of  accuracy,  and  besides,  it  was  necessary  to  extend  the  temperature  ranges 
of  the  measurement  for  KBr  and  especially  for  KI. 

Measurements  of  the  specific  heats  of  these  salts  had  a  special  interest  for 
us  because  they  were  used  to  decide  the  question  of  the  presence  or  absence  of  any 
structural  changes  in  them  on  heating,  about  which  there  were  conflicting  state¬ 
ments  in  the  literature  (for  this  question  see  [6]  ) , 

The  measurements  were  carried  out  in  a  somewhat  modified  apparatus,  which  was 
briefly  described  earlier  [7]. 

Method  of  Measurement  and  Construction  of  the  Apparatus 

The  specific  heat  was  determined  by  the  method  of  "mixing"  in  a  massive  copper 
calorimeter.  A  general  diagram  of  the  calorimeter  and  furnace  is  given  in  Fig.  1. 

The  calorimeter  consisted  of  a  cylindrical  copper  block  A  (99»97^  Cu)  with  a 
conical  hole  bored  in  it  for  the  Introduction  of  an  ampoule  containing  the  sub¬ 
stance  to  be  investigated.  The  weight  of  the  block  was  5.6  kg. 

The  calorimeter,  suspended  on  5  threads  inside  a  hermetically  sealed  brass 
casing  (the  space  between  the  walls  of  the  block  and  the  casing  was  I5  -  20  mm), 
was  immersed  in  a  water  thermostat  of  about  I50  liters  capacity.  The  temperature 
of  the  thermostat  was  kept  constant  to  within  ±  O.002*  by  means  of  an  electric 
heater  regulated  by  a  photorelay.  The  temperature  of  the  calorimeter  was  measured 
by  a  platinum  resistance  thermometer  T  situated  on  the  outer  surface  of  the  calor¬ 
imeter  (the  Insulator  being  bakelite) .  The  resistance  of  the  thermometer  (ca.  50 
ohms  at  room  temperature)  was  measjjLred  by  a  Wheatstone  bridge  according  to  the 
circuit  given  in  Fig.  2. 

The  sensitivity  of  the  galvanometer  was  such  that  with  a  current  strength  of 
0.005  A  in  the  thermometer  it  was  possible  to  measure  the  temperature  to  an  accu¬ 
racy  of  0.001*.  It  was  found  by  special  experiments  that  this  current  strength 
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(0.005  a)  does  not  cause  any  noticeable  superheating  of  the  thermometer  and  there¬ 
fore  appears  to  be  safe.  The  necessity  of  preliminary  calibration  of  the  thermo¬ 
meter  and  of  the  thermometric  bridge  excluded  any  experimental  calibration  of  the 
calorimeter.  For  this  purpose  the  calorimeter  was  fitted  with  a  heater  [a 
manganin  wire  (R  c:r-l2  oiims),  wound  on  a  copper  rod  (the  insulator  being  bakelite), 
melted  with  Wood’s  alloy  in  the  hole  bored  in  the  body  of  the  calorimeter.] 

The  amount  of  electrical  energy  passing  into  the  heater  of  the  calorimeter  was 
measured  by  the  usual  compensation  method.  The  time  was  recorded  with  a  stop 
watch.  All  the  pieces  of  electrical  apparatus  and  the  stop  watch  were  checked  so 
that  the  total  absolute  error  in  measurement  of  the  electrical  energy  could  not  be 
more  than  0.05^.  Since  the  change  in  resistance  of  the  thermometer  caused  by  the 
introduction  of  a  measured  quantity  of  electrical  energy  into  the  calorimeter  was 
measured  in  special  calorimetric  experiments,  the  heat  value  of  the  calorimetric 
system  could  be  expressed  in  the  conventional  units  "calories  per  ohm". 

These  experiments,  carried  out  on  a  wide  range  of  changes  of  temperature  of 
the  calorimeter  (from  0.5  to  5«5*)  showed  that  the  heat  value  obtained  for  the 
calorimeter  was  not  dependent  on  the  increase  in  temperature.  The  heat  value  of 
the  calorimeter  was  determined  several  times  during  the  work,  thus  checking  the 
reproducibility  of  the  thermometer  readings.  The  relative  accuracy  of  the  deter¬ 
mination  of  the  heat  value  of  the  calorimeter  was  ±  0.  1^. 

Experimental  Procedure 

The  substance  under  investigation  was  put  in  a  platinum  ampoule  and  heated  in 
an  electric  tube  furnace  (Fig,  1),  situated  over  the  calorimeter.  A  fairly  heavy 
silver  body  with  a  hole  for  the  ampoule  was  put  into  the  heated  space  of  the  fur¬ 
nace  in  order  to  equalize  the  temperature.  The  current  strength  in  the  furnace 
was  regulated  so  that,  in  the  heated  space  where  the  ampoule  was  put,  a  steadiness 
of  temperature  to  within  ±0.1*  was  guaranteed.  The  temperature  of  the  ampoule 
was  found  from  the  e.m.f.  of  the  platinum-platinorhodium  thermocouple,  the  junction 
of  which  was  in  contact  with  the  walls  of  the  ampoule  in  the  furnace.  The  second¬ 
ary  Junction  of  the  thermocouple  was  put  (in  test  tubes)  into  the  thermostat  of 
the  calorimeter.  The  e.m.f,  of  the  thermocouple  was  measured  potentiometrically 
with  an  accuracy  of  up  to  2*10”^  V  (0,02*),  The  time  necessary  for  heating  the 
ampoule  in  the  furnace  was  determined  by  experiment. 

The  specific  heat  of  the  salt  was  determined  from  the  difference  between  the 
amount  of  heat  introduced  into  the  calorimeter  by  the  empty  ampoule,  and  by  the 
ampoule  filled  with  the  salt  (in  the  same  experimental  conditions).  The  heat 
losses  when  the  ampoule  fell  from  the  furnace  to  the  calorimeter  were  thus  exclu¬ 
ded,  if  the  empty  ampoule  and  the  ampoule  with  salt  fell  at  the  same  speed.  This 
was  attained  by  passing  the  wire  which  held  the  ampoule  in  the  furnace  over  a 
pulley  (Fig.  1)  and  attaching  to  the  end  of  it  a  counterweight,  the  weight  of 
which  was  suitably  chosen. 

The  calorimetric  experiment  was  carried  out  in  the  usual  way.  The  temperature 
of  the  thermostat  was  the  same  in  all  experiments.  The  Initial  temperature  of  the 
calorimeter  (by  its  preliminary  heating  or  cooling)  was  chosen  in  order  if  possible 
to  decrease  the  amount  of  correction  for  heat  exchange  of  the  calorimeter  with  its 
surroundings.  The  main  period  of  the  experiment  lasted  about  5  minutes  (in  the 
case  of  the  empty  ampoule  about  2-5  minutes) .  The  correction  for  heat  exchange 
was  Introduced  according  to  the  Renault -Pfaundler  formula.  It  did  not  exceed  2-3^ 
of  the  total  heat  effect  of  the  experiment.  The  heat  exchange  constant  of  the 
calorimeter  was  first  studied  and  proved  to  be  fairly  constant. 

Since  the  resistance  of  the  thermometer  (Fig.  2)  had  to  be  calculated  from 
the  resistance  consisting  of  two  branches  (R*  and  N)  Joined  in  parallel,  one  of 
which  was  always  constant,  it  seemed  expedient,  in  order  to  facilitate  the  calcu- 
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lation,  to  draw  up  a  table  from  which  the  resistance  of  the  thermometer  could  be 
found  directly  from  the  resistance  of  the  variable  branch  N. 

The  reproducibility  of  parallel  experiments  in  most  cases  was  0.1^,  and  only 
individual  experiments  gave  a  discrepancy  up  to  0.3^. 

Results  of  the  measuren^nts^  Chemically  pure  salts  were  taken  for  investiga¬ 
tion.  Absence  of  moisture  in  them  was  guaranteed  by  preliminary  careful  drying 
and  also  by  checking  the  weight  of  the  ampoule  after  each  experiment.  The 
absence  of  decomposition  during  prolonged  heating  (it  could  be  expected  in  the 
case  of  Kl)  was  ascertained  by  testing  for  alkali. 

The  average  specific  heats  of  the  salts  were  determined  in  the  following 
temperature  ranges; 

for  KCl  from  400-20*  to  660-20*  (15  points) 

for  KBr  from  400-20*  to  660-20*  (l8  points) 

for  KI  from  350-20*  to  660-22*  (27  points) 

It  was  shown  that  the  relation  between  the  average  specific  heat  and  the  temp¬ 

erature  range  (the  lower  limit  of  the  range  was  always  20*)  for  all  three  salts 
could  be  considered  linear  and  could  be  expressed  by  the  following  equations; 

for  KCl  Cp  =  0.16i2  +  3.21*10"^v 

for  KBr  Cp  =  0.1021  +  1.94-10'^'l- 

for  KI  Cp  =  0.0728  +  1,69*  10"^'^ 

where  Cp  is  the  average  specific  heat  of  the  given  salt  in  the  temperature  range 
from  20  to  0* . 

The  deviation  of  the  experimental  results  from  the  results  calculated  from 
these  equations  reached  0.3^  only  in  certain  cases,  but  as  a  rule,  0,1^  or  less. 

The  true  specific  heat  of  these  salts  calculated  from  the  formula; 

d[c  (3-20)] 

''P  '  d  ’ 

may  be  expressed  by  the  following  equations; 

for  KCl  Cp  =  0,1605  +  6,4*10"5^'  and  Cp  =  11,96  +  4.79*10“3,' 

for  KBr  Cp  =  0,1017  +  3.9“10“^--  and  Cp  =  12.11  +  4.6l-10"^ 

for  KI  Cp  =  0.0725  +  3.4*10"^^  and  Cp  =  12. 04  +  5.60- lO"^' 

where  Cp  is  the  specific  heat  and  Cp  the  molecular  heat. 

SUMMARY 

1.  The  calorimetric  apparatus  for  the  determination  of  the  average  specific 
heat  of  solid  bodies  at  high  temperatures  was  reconstructed, 

2.  The  average  specific  heat  of  the  salts  KCl,  KBr  and  KI  at  temperature 
ranges  from  400-20*  to  660-20*  was  measured, 

3.  Equations  for  calculating  the  average  and  true  specific  heat  of  these 
salts  are  given.  The  equations  show  a  linear  relation  between  the  specific  heat 
of  these  salts  and  the  temperature  in  the  specified  temperature  range,  which  indi¬ 
cates  the  absence  of  any  change  in  them  on  heating  and  cooling  in  the  conditions 
of  the  experiment. 


Fig.  1,  Diagram  of  calorimeter  and  Fig.  2.  Connection  of  the 

furnace.  A  -  calorimeter j  B  -  casing  resistance  thermometer  of  the 

of  calorimeter j  K  -  cover j  T  -  calorimeter  to  the  bridge 

thermometer)  M  —  stirrer  of  thermostat;  circuit. 

H  -  thermostat;  ^  mercury  thermometer; 

I  -  platinum  (regulating)  thermometer; 

D  -  heater;  E  -  telescope;  P  -  furnace. 
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DETERMHiATION  OF  THE  TRUE  SPECIFIC  HEAT  OF  POWDERED  SUBSTANCES  AT  HIGH  TEMPERATURES 

M.  M.  Popov  and  G.  L,  Galchenko 

I.  Measurement  of  the  true  ^eciflc  heat  of  solid  bodies  by  the  method  of 
direct  heating  can  be  carried  out  with  great  success  at  low  and  average  (room) 
temperatures.  To  develop  this  method  in  the  field  of  high  temperatures  many 
difficulties  have  to  be  overcome,  the  most  important  of  which  is  the  increase  in 
the  heat  exchange  of  the  calorimeter  with  the  surrounding  medium.  Therefore  at 
high  temperatures  the  use  of  the  adiabatic  method  of  working  seems  natural.  But 
the  maintenance  of  adiabatic  conditions  in  temperatures  of  this  order  in  classical 
experimental  apparatus  is  difficult,  especially  in  the  final  period  of  the  experi¬ 
ment  on  account  of  the  thermal  inertia  of  the  medium  surrounding  the  calorimeter. 

These  difficulties  may  perhaps  be  overcome  by  using  several  jackets  each  having 
separate  heaters,  besides  the  main  furnace  which  serves  for  maintaining  and  rais¬ 
ing  the  temperature  of  the  calorimetric  apparatus. 

Comparatively  recently  [1,  2]  the  method  of  direct  heating  was  used  with  suc¬ 
cess  in  a  modified  form  at  high  temperatures,  chiefly  for  the  investigation  of 
metals  and  alloys.  The  arrangement  of  the  experiment  was  as  follows;  the  body 
under  investigation  is  heated  in  the  required  temperature  range  by  a  heat  flow  of 
constant  intensity  without  loss  of  heat,  and  in  addition,  the  time  is  measured 
during  which  a  certain  rise  of  temperature  occurs  in  the  system.  This  arrangement 
of  the  calorimetric  experiment  differs  in  principle  from  the  classical  because  in 
this  case  at  any  moment  of  the  experiment  there  is  no  thermal  equilibrium,  but  a 
thermal  field  in  the  calorimetric  system. 

Since  in  practice  it  is  impossible  to  determine  the  temperature  of  each  ele¬ 
ment  of  volume  of  the  system  under  investigation,  it  is  feasible  to  conduct  the 
experiment  only  when  the  temperature  gradients  of  the  field  before  and  during  the 
measurements  remain  unchanged,  l.e.  if  all  points  in  the  system  undergo  equal 
rises  of  temperature  in  the  same  period  of  time.  In  practice,  the  temperature 
gradients  of  the  field  in  the  calorimetric  system  need  not  be  veiy  great j  they 
must  be  such  that  if  the  temperature  of  any  part  of  the  system,  for  example  the 
side  surface  of  the  calorimeter,  is  taken  as  the  temperature  of  the  system  as  a 
whole,  the  values  obtained  for  the  specific  heat  are  not  appreciably  altered. 

These  conditions,  as  the  experiment  shows,  are  fairly  easily  attained  with  some 
degree  of  accuracy  in  the  determination  of  the  specific  heat  of  metals  and  alloys. 

But  in  the  case  of  non-metallic  powdered  substances  their  fulfilment  is  not 
obvious  on  account  of  the  lower  thermal  conductivity  of  the  latter. 

The  object  of  the  proposed  work  was  above  all  to  explain  the  possibility  of 
using  the  method  of  direct  heating  for  determining  the  true  specific  heat  of  non- 
metallic  powdered  substances  at  high  temperatures. 

II.  Calorimetric  appar^us.  (a)  The  design  of  the  apparatus  is  represented 
schematically  in  Fig,  1.  The  calorimeter  8  is  suspended  on  three  nlchrome  wires 
with  porcelain  tube  ends  in  a  heavy  silver  casing  on  to  which  a  silver  tube  9 

is  slipped)  the  casing  is  mounted  on  a  porcelain  stand  10.  An  electric  resistance 
furnace,  which  was  a  steel  tube  4  insulated  on  the  outside  with  mica  and  provided 
with  a  heater  of  nlchrome  wire  6,  was  used  for  heating  the  casing)  the  winding 
was  covered  with  a  paste  of  alundum  and  clay  and  then  a  heat  insulating  layer  of 
asbestos  5*  The  porcelain  tubes  11  are  for  leading  out  the  thermo-electrodes 
insulated  by  porcelain)  12  is  a  ceramic  support  for  the  furnace,  13  an  aluminum 
plate,  ik  a  brick  foundation  and  1,2,3  heat  insulated  casings. 
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(b)  The  calorimeter  (Fig.  2)  is  a  cylindrical  silver  vessel  with  a  diameter 
at  the  base  of  37  nm,  height  52  mm  and  wall  thickness  0.5  mm,  closed  at  the  top 
with  a  lid.  In  the  middle  of  the  bottom  there  is  an  opening  to  which  the  silver 
tube  1  is  welded  so  that  the  heater  can  be  put  into  this  tube  from  below.  On  the 
side  surface  of  the  calorimeter  four  vertical  grooves  -  2,  intended  for  the  thermo¬ 
couples,  are  made.  The  dimensions  of  a  groove  are:  depth  5  mm,  breadth  4  mm, 
height  46  mm  for  one  and  27  mm  for  the  three  others. 

(c)  The  casing  (Fig.  3)  is  a  massive  silver  cylinder  96  mm  high,  with  outer 
diameter  52  mm  and  wall  thickness  10  mmj  total  weight  2.262  g.  At  a  height  of  40 
mm  from  the  bottom  this  cylinder  is  cut  in  half  horizontally  and  vertically  so 
that  part  of  the  cylindrical  wall  may  be  removed.  This  arrangement  of  the  casing 
makes  it  possible  to  put  the  calorimeter  in  it  easily  and  conveniently  in  the  place 
intended  for  it.  Underneath  inside  the  side  wall  of  the  casing  there  are  vertical 
cylindrical  holes  3  mm  in  diameter  and  62,  53 ,  39  snd  28  mm  deepj  they  are  inten¬ 
ded  for  accommodating  the  thermocouples.  At  the  bottom  of  the  casing  along  its 
wall  there  are  apertures.  The  porcelain  tubes,  through  which  the  leads  from  the 
calorimeter  are  passed,  are  fitted  tightly  in  them.  A  silver  tube  (Fig.  1,  9)  190 
mm  long,  weighing  488.5  which  strengthens  parts  of  the  casing  and  protects  the 
thermoelectrodes  and  heater  leads  from  radiant  heat  from  the  furnace,  is  slipped 

on  to  the  assembled  casing.  The  large  specific  heat  of  the  casing  enables  a  con¬ 
stant  rate  of  heating  to  be  attained  even  when  the  current  strength  in  the  furnace 
heater  is  not  strictly  constant. 

(d)  The  arrangement  of  the  calorimeter  heater  is  indicated  in  Fig.  4  where 
the  calorimeter  1  placed  in  the  casing  2  is  shown.  The  heater  3^  a  nichrome  wire 
0.15  mm  in  diameter,  with  a  resistance  of  about  7  ohms,  is  arranged  in  the  form  of 
a  spiral,  as  shown  in  the  diagram,  about  the  porcelain  support  4,  fixed  in  the 
silver  tube  7.  A  piece  of  wire  is  welded  to  the  middle  of  the  spiral  and  dropped 
into  the  support  4.  Thicker  (1  mm  diameter)  nichrome  wires  are  welded  to  the  ends 
of  the  spiral;  they  pass  tightly  through  the  bores  of  the  porcelain  tubes  6.^) 

Two  nichrome  wires  are  welded  to  each  of  them  at  the  point  where  they  come  out  of 
the  tube;  two  leads  supplying  the  current,  of  wire  0.3  mm  in  diameter  and  two, 
potent iometric,  of  wire  O.I5  mm  in  diameter.  A  silver  disc  8  is  welded  to  the 
stopper  7  and  it  is  fitted  tightly  into  the  tube  5;  in  the  same  way  the  heater  is 
arranged  on  the  central  axis  of  the  calorimeter, 

(e)  A  differential  set  of  thermocouples  was  used  for  observing  the  difference 
of  temperature  of  the  calorimeter  and  the  casing.  The  thermoelectrodes  of  the 
separate  thermocouples  were  set  up  in  flat  porcelain  tubes  with  two  channels, 
which  were  covered  with  silver  Jackets  having  the  form  and  dimensions  of  the 
grooves.  Since  the  thermoelectrodes  in  the  porcelain  tubes  9  (Fig.  4)  are  held 
fairly  securely,  all  4  thermocouples  are  arranged  in  radiating  form  inside  the 
casing  without  the  calorimeter,  and  therefore  the  arrangement  of  the  calorimeter 
in  the  casing  consists  in  putting  the  calorimeter  on  the  stopper  with  the  heater, 
pressing  the  Jackets  with  the  heating  elements  into  the  corresponding  grooves  and 
fixing  them  in  the  grooves  with  the  silver  wire  (Fig.  4). 

The  differential  set  of  thermocouples  was  constructed  of  6  Pt-Pt/Rh  (10^  Rh) 
thermocouples,  of  which  3  were  put  in  the  calorimeter  and  3  others  in  the  casing. 

It  was  found  preferable  to  use  alumina  instead  of  porcelain  as  .the  material 
for  making  these  tubes  and  support,  because  after  a  certain  period  of  use  (partic¬ 
ularly  after  many  heatings  to  700*)  the  porcelain  became  appreciably  conducting. 
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The  individual  thermocouples  both  of  the  calorimeter  and  of  the  casing  were  joined 
in  parallel.  Since  the  main  functions  of  the  thermocouples  are  put  in  different 
parts  of  the  casing  and  calorimeter,  their  electromotive  force  indicated  the  aver¬ 
age  temperature.  The  secondary  junctions  a,b,c,d  (Fig.  5)  &re  found  in  the 
thermostat  described  below. 

(f)  The  Pt-Pt/Rh  (10^  Rh)  thermocouple  for  measuring  the  temperature  (IV  on 
Fig,  5)  of  the  calorimeter  was  mounted  in  the  same  way  as  the  differential  ones. 

Its  secondary  junction  was  situated  in  the  same  thermostat  which  also  contained 
the  secondary  junctions  of  the  differential  set.  The  electromotive  force  was 
measured  by  means  of  a  small  resistance  five  decade  compensator,  free  from  ther¬ 
moelectric  current,  and  a  mirror  galvanometer  with  an  inner  resistance  Runner  ” 

10  ohms  and  a  sensitivity  to  voltage  =  15?10”®.  One  division  of  the  scale 
represented  about  0.002*.  The  method  of  reading  was  subjective. 

The  electromotive  force  of  the  thermocouples  used  was  estimated  in  the 
range  from  100  to  1200*  for  each  100*  in  the  Institute  of  Measures  and  Gages 
(Moscow) . 

The  values  of  the  e.m.f.  of  the  thermocouple  for  each  10*  from  100  to  JOO* 
were  calculated  from  Broch*s  [3]  Interpolatory  formula,  and  after  calculating  the 
correction  for  the  secondary  junction  (25*),  were  put  in  the  table.  The  results 
obtained  by  this  formula  for  the  range  300  to  700*  differed  less  than  0.0^^  from 
the  e.m.f.  values  calculated  from  an  equation  of  the  form  E  =  a  +  b'  •  +  C"-- 
which  can  be  used  from  300  to  1100*  if  the  temperature  is  measured  accurate  to 
1*  [4].  The  coefficients  of  this  equation  for  our  thermocouples  were:  a  =  -O.3065 
b  =  8.2-10“®5  c  =  16.25*10“’^  (EMF  -  in  millivolts). 

(g)  The  thermostat  for  the  secondaury  junctions  of  the  thermocouples  was  a 
lead  cylinder  placed  in  a  heat -insulating  casing  and  provided  with  an  electric 
heater  and  platinum  resistance  thermometer.  In  the  lead  cylinder  there  were 
several  holes  for  tubes  filled  with  transformer  oil,  in  which  the  secondary 
junctions  of  the  thermocouples  were  also  Immersed.  A  calorimetric  thermometer 
for  checking  the  constancy  of  the  temperature  was  Immersed  in  one  of  the  holes. 
Constancy  of  temperature  at  25*  ±  O.OO5*  was  attained  by  a  thermoregulator  with 
photo-relay. 

(h)  A  diagram  of  temperature  measurements  of  the  calorimeter  and  the  differ¬ 
ence  between  it  and  the  temperature  of  the  casing  is  given  in  Fig.  5^  where  A  is 
a  commutator,  B  a  shunt,  0  casing  thermocouples,  K  calorimeter  thermocouples,  P 

a  compensator,  I  II  III  leads  from  the  differential  set  of  thermocouples;  F/ 
leads  from  a  separate  thermocouple  by  ^ich  the  temperature  of  the  calorimeter 
is  measured;  and  Gi  and  G2  mirror  galvanometers. 

When  the  shunt  B  is  switched  off  and  the  circuit  of  the  galvanometer  Gi  is 
disconnected,  it  is  possible  to  establish  connection  from  the  galvanometer  G2 
through  the  compensator  to  the  following  combinations  of  the  thermocouple  leads: 
I-III  for  measuring  the  difference  between  the  temperatures  of  the  casing  and 
calorimeter;  I-II  for  measuring  the  temperature  of  the  calorimeter,  and  I I-III 
for  measuring  the  temperature  of  the  casing. 

In  addition  to  this,  leads  I-III  are  connected  with  the  galvanometer  Gi 
through  the  shunt,  and  when  the  commutator  is  in  position  5-5* ^  6-6[*]  (Fig.  5) > 
it  is  possible  from  its  readings  to  control  the  equality  of  temperature  of  the 
casing  and  the  calorimeter.  The  parameters  of  this  galvanometer  are:  Rinner  = 

=  15  ohms;  sensitivity  to  voltage  Sy  =  3.6*10“®. 

(i)  The  furnace.  Both  alternating  and  direct  current  vere  used  for  heating. 

A  20  amp  ammeter  with  0.2  amp  divisions  was  Included  in  the  circuit,  auid  also 
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adjustable  rheostats  by  which,  observing  the  ammeter  readings  through  a  telescope, 
it  was  possible  to  keep  the  current  strength  in  the  winding  of  the  furnace  con¬ 
stant  to  0.02  amp. 

III.  Procedure  of_the  calorimetric  experiments,  (a)  According  to  the  prin¬ 
ciple  of  the  method,  first  of  all  the  required  rate  of  heating  of  the  whole  system 
and  then  equality  of  the  temperatures  of  the  casing  and  the  calorimeter  and  their 
rates  of  heating  are  attained.  For  this  it  is  necessary  to  select  the  required 
current  strength  I  in  the  furnace  and  1  in  the  calorimeter  heater.  During  this 
selection  the  temperature  naturally  increases  and  it  is  usually  possible  to  reach 
the  equality  referred  to  only  about  75-100*,  and  this  is  why  the  measurement  can 
only  begin  approximately  from  this  temperature. 

Suppose  that  the  condition  referred  to,  i.e.  equality  of  the  temperature  of 
the  casing  and  calorimeter  and  also  equality  of  their  rates  of  heating,  has  been 
reached  at  the  moment  ti  (Fig.  6,  a),  when  the  current  strength  in  the  furnace  is 
I  and  in  the  calorimeter  i.  Beginning  from  this  moment  with  1  constant  and  main¬ 
taining  adiabatic  conditions,  the  rate  of  heating  of  the  calorimeter  will  be 
changed  according  to  the  change  of  its  heat  value  with  temperature;  let  the  course 
of  its  heating  be  along  the  curve  AB  (Fig.  6a) .  If  L  remains  unchanged,  then  in 
the  course  of  time,  i.e,  with  rise  of  temperature,  in  virtue  of  the  increase  of 
specific  heat  of  the  casing  and  loss  of  heat  from  it,  the  rate  of  heating  of  the 
casing  will  become  less  than  the  rate  of  heating  of  the  calorimeter,  l,e.  we  will 
suppose  that  the  heating  of  the  casing  will  proceed  along  the  curve  AiBi.  There¬ 
fore  in  order  to  equalize  the  rates  of  heating  it  is  necessary  to  Increase  the 
current  strength  in  the  furnace,  for  example  by  /^I.  Suppose  that  /^I  is  chosen 
so  that  at  the  moment  t2  the  temperature  of  the  casing  again  becomes  equal  to 
the  temperature  of  the  calorimeter  and  their  rates  of  heating  are  equal  to  each 
other.  On  the  graph  this  is  equivalent  to  the  curves  AB  and  BiCi  (Fig.  6b)  cor¬ 
responding  to  the  length  AB  (Fig.  6a) ,  and  by  this  observation  the  zero  reading 
of  the  differential  thermocouple  and  its  constancy  with  time  is  observed.  Then, 
according  to  the  principle  of  the  method,  the  Interval  of  time  from  t2  to  is 
also  the  duration  of  the  experiment. 

If  the  increase  in  current  A I  in  the  furnace  was  made  such  that  the  rates 
of  heating  of  the  casing  and  the  calorimeter  were  equal  when  their  temperatures 
were  unequal,  as  was  shown  in  Fig.  6a,  the  experiment  could  be  carried  out  if  this 
Inequality  was  small;  the  resulting  heat  exchange  of  the  calorimeter  with  the 
surrounding  space  may  be  allowed  for  by  a  corresponding  correction  (see  below). 

(b)  Independently  of  what  experimental  conditions  illustrated  in  Fig.  6  are 
attained,  carrying  out  this  experiment  consists; 

(1)  In  determining  the  time  interval  in  which  the  temperature  of  the  calori¬ 
meter  increases  by  a  definite  amount,  in  our  experiments  by  an  amount  corresponding 
to  the  increase  of  0.100  mV  in  the  e.m.f.  of  the  thermocouple  IV;  this  interval  of 
time  is  determined  as  the  time  At  taken  by  the  zero  point  of  the  scale  of  the  gal¬ 
vanometer  G2  to  go  through  the  cross  threads  of  the  telescope  at  two  successive 
positions  of  the  compensator,  separated  from  each  other  by  0.0100  mV,  Then  3  or  4 
successive  measurements  At  corresponding  to  the  Increase  in  e.m.f,  for  3  or  4 
successive  positions  of  the  compensator  are  made.  The  time  At  is  measured  either 
by  two  regulated  stopwatches  or  by  two  chronoscopes  with  an  accuracy  of  up  to 

±  0.1  sec.; 

(2)  in  determining  the  amount  of  heat  evolved  in  a  time  At  by  the  calori¬ 
meter  heater;  for  this  the  voltage  at  the  ends  of  the  heater  and  at  the  ends  of 
the  standard  1  ohm  resistance  connected  in  series  with  the  heater  is  measured  for 
each  interval  of  time. 
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A  set  of  10  alkaline  accumulators,  each  of  60  Ah  capacity,  was  used  for  sup¬ 
plying  the  calorimeter  heater. 

The  casing  is  usually  heated  so  that  between  the  experiments,  i.e.  for  the 
time  from  the  moment  ti  to  t2  (Fig.  6),  the  difference  in  temperatures  of  the  cas¬ 
ing  and  the  calorimeter  does  not  exceed  5O-6O  mm  on  the  galvanometer  scale,  which 
corresponds  to  0.10-0. 12®,  but  during- the  experiment,  i.e.  on  the  section  from  tg 
to  ts  (Fig,  6a),  not  more  than  15-20  mm  (i.e.  0.03-0.04*).  If  these  conditions 
are  observed,  the  specific  heat  can  be  measured  for  every  10-12* .  The  rate  of 
heating  of  the  calorimeter  was  usually  equal  to  one  of  the  following  (in  separate 
experiments,  i.e.  in  the  determination  by  one  curve  specific  heat-temperature); 

1. 5-1*0*  to  0.7*  per  minute. 

(c)  Since  the  difference  of  temperatures  of  the  casing  and  the  calorimeter, 
on  the  value  of  which  almost  all  the  success  of  the  measurement  depends,  is  deter¬ 
mined  by  the  differential  set  of  thermocouples,  it  is  necessary  first  to  find  the 
zero  reading  of  this  thermocouple  corresponding  to  equality  of  temperature  of  the 
casing  and  the  calorimeter.  Sometimes  this  zero  reading  for  the  e.m.f.  of  the 
battery  is  not  zero.  This  may  arise  from  the  quality  of  the  thermoelectrodes 
used  (their  uniformity  may  not  be  satisfactory),  from  the  fact  that  the  thermo¬ 
couples  are  not  arranged  sufficiently  favorably  and  also  from  unequal  emission 
of  heat  from  the  thermoelectrodes.  The  best  criterion  for  the  correct  determin¬ 
ation  of  this  zero  reading  of  the  differential  thermocouple  is  the  attainment  of 
similar  results  for  the  specific  heat  of  the  calorimetric  system  for  different 
rates  of  heating.  It  was  found  by  specially  conducted  experiments  that  in  the 
whole  temperature  rauige  from  100  to  700*  this  reading  of  the  differential  set  of 
thermocouples  is  and  remains  unchanged.  It  was  equal  to  +60  mm  on  the  galvano¬ 
meter  scale,  i.e.  it  was  60  mm  away  from  the  scale  division  on  which  the  cross¬ 
piece  of  the  telescope  stops  when  the  galvanometer  is  connected. 

IV.  Calculation  of  the  specific  heat.  The  specific  heat  is  calculated  from 
the  well-known  equation; 

(H  +  mCp)  ^  =  (0.259  Vi  +  k)  '.t, 

where  H  -  the  heat  value  of  the  calorimeter^ 

m  -  mass  of  salt  in  moles,  the  specific  heat  of  which  is  being  found) 

Cp  -  molecular  heat  of  this  salt  at  constant  pressure) 

,\v-  rise  of  temperature  of  the  calorimeter  in  the  experiment) 

V  -  potential  (in  volts)  on  the  ends  of  the  calorimeter  heater) 
i  -  current  strength  (in  amps)  in  the  calorimeter  heater) 
k  -  correction  for  heat  exchange  expressed  in  calories  per  second) 

'_t  -  time  (in  seconds)  necessary  for  temperature  of  calorimeter  to  rise 
by  ^  C 

The  correction  for  the  heat  exchange  _k,  as  is  known,  depends  on  the  tempera¬ 
ture,  and  it  was  therefore  also  determined  experimentally  at  different  tempera¬ 
tures  in  the  range  100  to  700*.  For  this  purpose,  the  heat  value  of  the  calori¬ 
metric  system  at  zero  reading  of  the  differential  set  (chosen  as  described  above) 
and  at  readings  differing  from  zero,  was  determined  for  the  same  temperature  and 
for  the  same  rate  of  heating.  For  small  deviations  from  the  zero  reading  of  the 
differential  set,  the  change  in  heat  value  of  the  system  proved  to  be  proportional 
to  the  deviations  from  "zero*.  This  change  of  heat  value  corresponded  to  one 
millimeter  of  the  scale  and  one  second  of  heating. 

In  this  way,  k  expresses  the  loss  (or  gain)  of  heat  by  the  calorimeter  during 
one  second  when  the  reading  of  the  differential  thermocouple  differs  from  zero  by 
1  mm  of  the  scale  (1  mm'*-' 0,002*) ,  The  value  k  at  different  temperatures  was 
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found  by  interpolating  between  the  values  of  it  found  at  various  temperatures. 

V.  Determination  of  the  heat  value  qf^  the  calorimetej-  and  checking  of  the 
method.”  The^arrang^^t  of  the  calorimeter,  viz,,  the  axial  disposition  of  the 
heater,  did  not  permit  its  heat  value  to  be  determined  directly.  It  was  deter¬ 
mined  from  the  known  specific  heat  of  three  salts,  viz.,  potassium  chloride,  bro¬ 
mide  and  iodide,  using  the  equation: 

„  (Q.239Vi  +  k)-  -U  „ 


where  Cp  is  the  molecular  heat  of  each  of  the  three  salts  mentioned. 

The  true  molecular  heat  of  these  salts  was  determined  in  the  heat  laboratory 
of  Moscow  State  University^)  and  was  expressed  by  the  following  equations  with  an 

error  of  ±  0.4^:  ^  11. 96  +  4.79*10"^^  ’ 

KBr:  Cp  =  12,11  +  4,6l- (3) 

KI:  Cp  =  12, 04  +  5.60-10"^0_ 

The  heat  value  of  the  calorimeter  was  determined  as  an  average  value  from  the 
results  obtained  for  the  three  salts.  Its  relation  to  temperature  could  be 
expressed  by  the  equation: 

H  =  3.77  +  I.l4*10"^-^  cal/deg.  (4) 

The  heat  value  calculated  from  (4)  differed  from  that  determined  experimen¬ 
tally.  200*  by  ±  0,02  cal/deg 

at  700*  by  ±  0.19  cal/deg. 

Comparison  of  it  with  the  heat  value  for  the  specific  heat  of  the  component 
parts  of  the  calorimeter  (additively)  gave  the  following; 


from  equation  (4) 
200*  4.00  cal/deg 
600 •  4,53  cal/deg 


by  addition 
4.04  cal/deg 
4.45  cal/deg 


For  correction  of  the  method  and  the  work  of  the  calorimeter  the  true  spec¬ 
ific  heat  of  sodium  chloride  from  I50  to  700*  was  determined  on  two  samples  (1.0115 
mole,  1.0251  mole) ,  As  a  result  of  58  determinations  the  following  equation  for 
Cp  was  obtained:  ^  ^  5.10-10‘3o':,  (i  0.5^)  (5) 

On  the  other  hand,  according  to  Kelley’s  calculations  the  molecular  heat  of 
sodium  chloride  in  the  range  0  to  800*  as  a  result  of  much  work  is  expressed  by 

the  equation;  ^  10.19  +  4.20*10"^T  (±2^)  (from  0  to  800“)  (6) 

(T  is  the  absolute  temperature) . 

A  comparison  of  the  results  obtained  from  equations  (5)  and  (6)  is  given  in 
Table  1. 

Thus,  the  difference  in  the  values  C  ,  obtained  from  formulas  (5)  and  (6), 
increases  with  rise  of  temperature,  but  even  about  700*  it  still  lies  within  the 
limits  of  accuracy  of  both  equations. 

VI.  Determination  of  the  true  specific  heat  of  the  salts. ^)  Results  are 

^)  J.Gen.Chem.,  21,  2217  (1951)*  (Consultants  Bureau  English  translation,  p.  2479) 

^)  These  determinations  were  carried  out  in  a  platinum  calorimeter,  construc¬ 
ted  in  the  same  way  as  the  silver  one,  but  of  smaller  dimensions  (height  45  mm, 
diameter  of  base  35  mni) .  Its  heat  value  H  was  determined  by  experiments  with  sod¬ 
ium  chloride  [equation  (5)]  and  was  expressed  by  the  equation  H  =  1.91  +  9.9*10”^ 
cal/deg. 


given  below  for  the  determination  of  Cp  of  the  following  substances:  barium  chlor¬ 
ide,  ammonium  chloride,  sodium  carbonate,  sodium  sulfate,  potassium  dichromate, 
sodium  dichromate  (prexjarations  of  all  the  salts  were  in  the  "chemically  pure" 
specification) . 


Table  1 


^  *c 

Cn  ca 

l/deg/mol 

accord¬ 
ing  to 
equa¬ 
tion 
(5) 

accord¬ 
ing  to 
equa¬ 
tion 
(6) 

Differ¬ 

ence 

(I0) 

100® 

*  "  1 

12,21 

12.36 

-1,2 

200 

12.72 

12.78 

-0.5 

300 

13.23 

13.20 

+0.2 

4  00 

13.74 

13.62 

+0.9 

500 

14,25 

l4.04 

+1.5 

600 

14.76 

14.46 

+2 

700 

15.27 

14.88 

+2.5 

(a)  Filling  the  calorimeter. 

The  calorimeter  was  filled  with  the  salt 
ground  to  a  fine  powder.  The  barium  chloride, 
sodium  carbonate  and  sodium  dichromate  were 
previously  dried  at  200*  to  constant  weight. 

They  were  cooled  in  a  desiccator  with  phosphorous 
pentoxide.  As  the  calorimeter  was  not  hermeti¬ 
cally  sealed,  after  filling  with  the  salt  it  was 
fixed  in  the  casing  heated  to  100®  and  then  was 
kept  in  the  apparatus  at  200®  for  10-12  hours, 
and  it  was  only  after  this  that  the  experiment 
began, 

(b)  Results  of  the  experiments, 

1.  Barium  chloride. 


The  specific  heat  was  determined  in  the  range  170  to  700*  on  two  samples  of 
salt  (0,3268  mole  and  0.3^02  mole),  with  each  of  which  two  series  of  measurements 
were  made. 


The  variation  of  the  true  specific  heat  of  barium  chloride  with  temperature 
in  the  range  170  to  700*  is  expressed  by  the  equation: 

Cp  =  18.17  +  6.889-10'^«&  (-  0.7^).  (7) 

The  equation  was  established  by  the  method  of  smallest  squares  on  a  basis  of 
4l  determinations. 


2.  Ammonium  chloride. 

Two  samples  of  this  salt  (O.507I  mole  and  0.5^99  mole)  were  heated  in  the 
calorimeter  in  the  range  100  to  250® .  The  true  molecular  heat  Cp  could  be 
determined  in  the  ranges: 

(a)  from  100  to  l8l.2® 

Cp  =  19.71  +  2.950*io‘2<&  (^.5^) 

(b)  from  200  to  250* 

Cp  =  13.86  +  3.204- lO"^^  (-0.5^) 

In  the  range  from  <Si  =  l8l.2*  to  -Qa  = 
observed  (Fig.  J)  • 

aMl4Cl  - 3NH4C1 

and  therefore  in  this  range  it  was  possible  to  measure  the  specific  heat  only  with 
the  "  heat  of  transformation",  i.e.  the  so-called  "  apparent  specific  heat",  which 
we  shall  denote  by  C^.  Its  variation  with  temperature  is  given  in  Table  2, 

In  all  the  experiments  with  NH4CI  the  temperature  at  the  beginning  and  end  of 
the  transformation  was  strictly  reproduced  (it  was  noted  by  the  deviation  of  Cp 
from  the  regular  course)  j;  but  the  values  of  the  "  apparent  specific  heat"  for  the 
same  temperatures  in  the  investigation  of  different  samples  of  salt  differed 
considerably  from  each  other  (Table  2) .  This  phenomenon  evidently  depends  partly 
on  the  decrease  of  accuracy  in  measurements  of  the  specific  heat  during  the  trans¬ 
formation,  because  at  the  same  time  the  temperature  gradients  of  the  thermal  field 


(consisting  of  13  detenninatlons) j  (8) 

(consisting  of  6  determinations) 

199.3*  polymorphic  transformation  was 


1 
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■mocoup- 
m  below 


Fig.  4  (left).  Casing 
with  calorimeter 
l)  calorimeter;  2)  casini 
5)  heating  spiral;  ^)  po: 
celain  stand;  5)  tube  of 


Fig.  1.  General  view  of 
the  apparatus.  - 1,2,5) 
heat  insulating  casing; 
components  pf  the  furn¬ 
ace;  4)  steel  tube;  5) 
layer  of  asbestos;  6) 
heating  coil;  7)  casing; 
8)  calorimeter;  9)  sil¬ 
ver  tube;  10)  porcelain 
stand;  11)  tubes  for  the 
leads;  12  -  ceramic  sup¬ 
port;  15)  aluminum 
plate;  l4)  brick  found¬ 
ation 


Fig. 6. (a. b)  Change  of  tempera 
ture  of  casing  and  calori¬ 
meter  during  experiment, 
AiBiCi  -  rise  of  tempera¬ 
ture  of  casing;  AB  - 
change  of  temperature  of 
calorimeter. 


Fig,  5,  Circuit  for  measurement  of 
temperature . 

0  -  thermocouples  of  the  casing;  K  - 
thermocouples  of  the  calorimeter;  a,b,c,d  - 
secondary  junctions  of  the  thermocouples; 

T, II, III  -  leads  of  the  differential  set  of 
thermocouples;  IV  -  leads  of  the  separate 
calorimeter  thermocouple;  A  -  commutator; 

B  -  shunt;  P  -  compensator;  Gi,  G2  - 
galvanometers . 
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Table  2 


In  the  calorimetric  system  during  the 
measurements  are  less  constant,  and 
thus  the  rise  of  temperature  of  the 
system  in  a  certain  time  is  deter¬ 
mined  with  less  accuracy. 

In  the  temperature  range  in  which 
the  transformation  occurs,  the  measure, 
ments  were  carried  out  in  such  a  way 
that  the  end  of  one  experiment  was 
the  beginning  of  the  next.  From 
these  results  it  was  possible  to 
calculate  W,  the  heat  content  of 
the  salt  in  its  transformation,  as 
well  as  the  values  Cp  for  different 
temperatures . 

The  heat  of  transformation  Q  of 
the  reactions 

ainiiCl  =  3NH4C1  +  Q 


**  Apparent”  molecular  heat  of  ammonium 
_ chloride _ 


'' 

C|,  cal. 

/deg. /mol. 

“C 

1st  sample 
(second  heat¬ 
ing) 

2nd  sample 
(first  heating) 

183 

25.60  i 

26.42 

185 

28,85 

I  29.61 

187 

51.93 

'  52.30 

189 

i  47.35  1 

60.48 

190.3 

!  641.83  i 

656.29 

191.5 

1  171.48  1 

108.27 

193 

i  59.75  1 

83.91 

195 

!  31.91  1 

26.39 

198 

i  21.06  ! 

20.80 

200 

i  20.25  ; 

20.13 

was  determined  from  the  equation: 

Q  =  c“  di-  ^  c|  d.S 

where  W  is  the  heat  content  of  the  ^ 

salt  from  -i  to  ^3  and 'C-g  =  190.3*  ' 

—  the  temperature  of  the  maximum 
apparent  specific  heatj*  Cp  and 
Cp  are  the  molecular  heats  of  the  ^  _ 

corresponding  polymorphic  forms,  ^  ^ 

which  are  found  from  equations  (7)  5 

and  (8)  by  extrapolation  to  1^2  =  ^ 

190.3*. 

The  average  value  of  the  •  heat 
of  transformation”  was 

Q  =  1059.11  cal. mol  ^8.0  cal/mol  _  j 

By  observing  the  cooling  curve,  J  .. 

Scheffer  [6]  found  the  "  heat  of  ^0-0— 

transformation”  Q  =  -IO3O  cal/mol^ 

but  he  took  l84,5*  for  the  trans-  _ , 

formation  temperature.  Kllnkhardt  PO  Wi  200  250 f* 

[7],  using  an  apparatus  for  deter¬ 
mining  true  specific  heats  in  which 

the  body  in  question  was  heated  by  .7  *  4  ut 

bombarding  it  with  slow  cathode  rays, 
gives  a  value  of  9^^  cal/mol  for  the 

”  heat  of  transformation”,  but  he  also  notes  that  the  correct  value  should  be 
somewhat  greater. 

Equations  (8)  and  (9)  may  be  compared  with  Kelley’s  [5]  equations,  which 
were  obtained  from  the  available  data  on  the  specific  heat  of  ammonium  chloride; 

cS  =  9.8  +  3.68-10"^  T (±5^) (0-184*) , 

Cp  =  5.0  -(-  3.40- 10"^  T  (±5^)  (184-250*). 
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5 .  Sodium  carbonate , 

Two  samples  were  investigated;  the  weight  of  the  first  was  0.4l63  moles 
and  of  the  second  0.3767  moles. 

In  the  sections  from  2.0  to  290®  and  from  500  to  600®  the  variation  of 

the  specific  heat  with  temperature  is  linear  and  is  expressed  by  the  equations: 

Cg  =  25.06  +  4.184- 10“^''^  cal/mol  (±0.5^)  (from  200®  to  290®),  (lO) 

Cp  =  30.15  +  1.963*  lO’^-i^  cal/mol  (±0.5^)  (from  5OO®  to  60O® )  (ll) 

In  the  range  290  to  5OO®  C  for  sodium  carbonate,  there  are  two  reversible 
polymorphic  transformations,  both  accompanied  by  an  absorption  of  heat.  The 
first  transformation  occurs  in  the  range  290  to  365* ,  and  the  second  in  the 
range  367  to  500®.  During  these  transformations  there  are  two  peaks  with 
maxima  at  350  and  477“  on  the  temperature  —  "  apparent*  specific  heat  (Fig. 8) 
graph.  The  variation  of  the  "  apparent"  specific  heat  with  temperature 
during  the  transformations  is  given  in  Table  3-^^ 


Table  3 

The  **  apparent"  molecular  heat  cal/deg/mol  of  sodium  carbonate 


First  Trans¬ 
formation 

Second  Trans¬ 
formation 

First  Trans¬ 
formation 

Second  Trans¬ 
formation 

- 1 

0 

0 

0? 

^•c 

Of, 

^®C 

r  * 

e 

0 

292® 

38.17 

568. 

41,77 

549“ 

45.04 

465® 

49,34 

295 

38.29 

378 

42.06 

350 

45.33 

470 

50.06 

304 

39.01 

385 

43.17 

351 

45.30 

475 

50 . 18 

310 

39.27 

397 

43.91 

352 

45.06 

477 

51,07 

315 

39.92 

4l0 

44,85 

355 

480 

323 

420 

45.64 

360 

40.67 

485 

48.09 

330 

4-2. 25- — 

p-  450 

46,48 

365 

41.03 

490 

4o,09 

337 

43.02 

44o 

47,01 

40.19 

343 

44.85 

1  450 

48.28 

The  calculation  of  the  Taeat  of  transformation  can  only  be  approximate, 
because:  (1)  the  variation  of  the  true  specific  heat  of  the  modification  formed 
in  the  first  transformation  (290-365“)  with  temperature  remains  unknown,  because 
the  second  transformation  follows  immediately  on  the  first,  and  (2)  the  specific 
heat  is  extrapolated  for  large  temperature  ranges. 

If  the  lower  and  upper  branches  of  the  specific  heat  are  extrapolated  to  a 
temperature  of  477*  (the  maximum  on  the  curve  temperature  —  for  second  trans¬ 
formation)  (Fig. 8),  the  following  values  are -obtained  for  the  heat  effects  of  the 
transformations : 

1st  sample  2nd  sample  Average 

First  transformation  -195 • 01  -206,17  -201,1  cal/mol 

Second  transformation  -482.02  -4l4,98  -448,5  cal/mol 

Huttner  and  Tamm an  [8]  traced  the  cooling  curve  of  sodium  carbonate  from 
the  melting  point  to  300®.  They  estimate  450*  as  the  transformation  temperature. 
These  authors  observed  great  enlargement  of  the  cylinder  of  salt  on  heating 
between  300  and  450® . 


Only  part  of  the  results  is  given  in  the  Table,  sufficient  to  represent  the 
course  of  the  curve.  This  applies  both  to  the  whole  of  the  following  tabular 
material  and  to  the  graphs. 


The  molecular  heat  at  room  temp¬ 
eratures  was  determined  hy  Anderson 
[9].  A  comparison  of  Anderson’s 
results  with  ours  obtained  by  extra¬ 
polation  on  equation  (lO),  is  given 
in  the  following  table. 

T*K  Cp 

Anderson  Authors 

274,1  25.81  25.10 

289.3  26.24  25.73 

4i  Sodium  sulfate. 

Two  samples  of  salt  were  investi¬ 
gated;  0,3^11  mole  and  0.3^8  mole. 

With  each  of  these,  3  series  of 
measurements  were  made.  The  measure¬ 
ments  of  the  specific  heat  were 
carried  out  in  the  100  to  600*  range. 

From  100  to  19^.5*  sind  from  290.5  to  600*  the  course  of  the  specific  heat  is 
linear,  viz.; 

Cp  =  28.24  +  5»207*10”^'G  cal/deg/mol  (±0,51^)  (from  100  to  194.5*)  (compiled  from 

23  points)  (12) 

Cp  =  36.50  +  l,600-10”^'t-’  cal/deg/mol  (±0.5^)  (from  290,5  to  600®)  (compiled  from 

20  points)  (13) 

In  the  section  from  19^»5  to  290,5"  transformations  occur  accompanied  by  an 
absorption  of  heat. 

The  values  of  the  •  apparent”  molecu]ar  heats  are  given  in  Table  4. 

Table  4 


■  Apparent”  molecular  heat  C^  cal/deg/mol  of  sodium  sulfate 


<S*c 

_ 1 

^"C 

— 

_ 

1  ^"C 

195.1* 

82.65 

200.0 

47,68 

205.4 

42.98 

I  231.6 

54.62 

243.0 

175.54 

!  274.5 

43.32 

210.1 

43.15 

232.7 

52.04 

244.1 

222.62 

278.8 

42.14 

214.8 

44,75 

!  233.9 

52.87 

245,3 

337.21 

!  286.7 

41.92 

219.8 

46,16 

'  235.0 

55.13 

246.4 

181.59 

224,6 

51.61 

254.3  . 

120,53 

In  Table  4,  values  of  CA  are  given  only  from  experiments  with  the  second 
weight  (0.3488  mole)  in  the  first  heating.  All  the  other  measurements  of  this 
heating  gave  results  for  C^  not  differing  by  more  than  1.2^  from  those  given  in 
the  Table. 


Fig. 8.  Sodium  carbonate 


In  calculating  the  heat  of  transformation  both  branches  of  the  true 
specific  heat  (Fig, 9)  were  extrapolated  to  a  temperature  of  245.3*  (maximum  on 
the  curve  temperature  —  C|,)  and  thus  the  following  values  for  Q  were  obtained; 


Sample  Nos.  Heat  of  transformation  Q  cal/mol 

1st  heating  2nd  heating  3rd  heating 

1  ,  -2632  “I97O  -2042 

2  . . -2541 _ -2071 _ -1991 

-2587  -2020.5  -2016 


Average 


5.  Potassium  dichromate. 

Two  samples  of  salt  were  investigated:  0.2228  mole  and  0.1912  mole. 

In  the  ranges  from  111  to  24l*  and  from  290  to  385“  "the  variation  of 
specific  heat  with  temperature  is  linear  and  is  expressed  by  the  equations: 

Cp  =  48.53  +  6.71-10"^‘^  (±0.5^)  (from  ill  to  24l*)  (l4) 

Cp  =  55.01  +  4.37*  10"^-^  (±0.51^)  (from  290  to  385*)  (15) 

Kelley  [5]  gives  the  following  equation  for  the  true  molecular  heat  of 
potassium  dichromate: 

Cp  =  42.80  +  4-10“2  T  (±5^)  (from  0  to  398*)  (16) 

(T  -  absolute  temperature) 

The  values  of  the  ■  apparent"  molecular  heat  are  given  in  Table  5. 

Table  5 


"Appairent"  molecular  heat  cal/deg/mol  of  potassium  dichromate 


For  experiments 
with  the  first 
heating 

For  experiments 
with  subsequent 
heatings 

For  experiments 

with  the  first 
heating 

For  experiments 
with  subsequent 
heatings 

•^•c 

.Jj“C 

CJ 

-^*0 

_=p 

'0*C 

Cp 

243 

64.38 

242 

65.46 

268 

98.48 

270 

69.94 

244 

65.01 

244 

65,50 

269 

273 

69.31 

247 

65.79 

245 

66.04 

270 

97.07 

280 

250 

65.32 

247 

273 

81.59 

68,28 

253 

65.27 

250 

69.72 

275 

77.35 

290 

67.29 

255 

67.26 

252 

79.32 

278 

74.22 

257 

68.10 

255 

103.41 

279 

72.07 

260 

69.93 

256 

110.27 

280 

70.19 

262 

74.42 

257 

105.07 

285 

69.25 

263 

80.44 

258 

97.04 

290 

68,41 

265 

90.22 

260 

82.73 

293 

67.99 

266 

94.46 

264 

75.41 

The  maximum  on  the  curve  of  apparent  specific  heat  (Fig.  10)  with  the  first 
heatings  moves  towards  a  higher  temperature  and  is  found  at  269*5 
subsequent  heatings  the  peak  occurs  at  257  +  1* . 

In  calculating  the  heat  of  transformation  both  branches  of  the  specific  heat 
as  in  all  other  cases  considered  earlier,  were  extrapolated  to  a  maximum  on  the 
curve  temperature  “  Cp.  • 

The  following  values  were  found  for  the  heat  of  transformation; 


Sample  Nos.  Heat  of  transformation  Q  cal/mol 

1st  heating  2nd  heating  3rd  heating  4th  heating 

1  .  -  -  -371  “355 

2  .  -377  -361  “364 


Average  .  Q  =  -365.6  cal/mol 

6 .  Sodium  dichromate . 

Two  samples  of  salt  were  investigated;  0.2032  mole  and  0.1912  mole.  At  247* 
a  sharp  fall  in  the  value  Cp  was  noted5  starting  at  256*  Cp  again  changes 
linearly  with  temperature  (Pig.  11).  On  the  two  straight  line  portions  of  the 


Fig. 9.  Sodium  sulfate  Fig. 10.  Potassium  dichromate 

curve  in  Fig.  11  the  change  of  Cp  with  temperature  is  expressed  by  the  equations: 

Cp  =  46.22  +  10.33' lO”^  •  (±0*5^)  (from  15O  to  247*)  (21  measurements)  (17) 

Cp  =  50.37  +  6.80*10”^'i  (±0.5^)  (from  260  to  310*)  (27  measurements)  (18) 

In  the  temperature  range  256-260*  a  variation  of  Cp  of  up  to  1.2^  is  observed. 
The  heating  from  247  to  256*  lasted  about  12  minutes. 


In  Table  6  the  variation  of  specific  heat  of  sodium  dichromate  in  the  range 
247-260*  is  given. 


Table  6 

T - 


-S-^c 

1  1 

r  •  ' 

,  cal /deg/mol 

'^®C 

1 - 

i  pi 

1  ^p 

cal/deg/mol 

1  -*C  1 

1  1 

"i 

p  1 

cal/deg/mol 

247 

71.85 

'  252 

69.39 

'  I 

,  257 

68.65 

248 

!  70.92 

253 

68.99 

i  258  I 

67.94 

249 

:  71.11 

254 

68,06 

i  259  1 

68.90 

250 

■  70.72 

255 

68.10 

1  260  ! 

68.41 

251 

69.25 

256 

67.62 

Since  in  the  range  of  the  sharp 
drop  of  Cp,  i.e,  in  the  range  of  247- 
256®,  the  measurements  of  C^  were 
carried  out  uninterruptedly,  i.e.  the 
end  of  the  previous  experiment  was  the 
beginning  of  the  next,  it  was  possible 
to  calculate  W  directly  from  the 
results  of  each  experiment)  as  regards 
the  calculation  of  Q,  the  heat  of 
transformation,  this  Could  be  done 
either  by  extrapolation  of  Cp  by 
equation  (17)  from  247  to  256*,  or  by 
equation  (18)  from  256  to  247*.  The 
following  was  obtained  as  a  result  of 
these  calculations  (Table  7)  '• 


Fig. 11.  Sodium  dichromate 
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For  1st  sample 
For  2nd  sample 


With  1st  heating 

With  2nd  heating 

With  3rd  heating 

Q 

Q. 

L  ^ 

W 

From  equa- 

W 

From  equa- 

W 

From  equa- 

tion 

tion 

tion 

(17) 

(18) 

(17)  1  (18) 

(17) 

— 

654 

1 

16.0  1  -26,5 

15.5 

-16,5 

626 

24.0 

18,5 

~  1  ~ 

■ 

■ 

Average:  from  equation;  (17)  *•  =  I8.5  +  ^-0  cal/mol. 

;  »»  »»  (18) ;  =  20.0  +  4.0  " 


It  must  be  noted  that  the  transformation  range  in  the  5rd  heating  is  2.2* 
smaller,  i.e.  the  transformation  took  place  in  the  range  247  to  255’8*. 


SUMMARY 


1.  It  was  shown  to  be  possible  to  use  a  "  method  of  direct  heating  with  an 
uninterrupted  admission  of  measured  heat"  for  measuring  the  true  specific  heat  of 
non-metallic  powdered  substances  at  temperatures  from  100  to  700*  in  an  adiabatic 
calorimeter. 

2.  The  true  molecular  heats  and  heats  of  polymorphic  transformations  of  the 
following  salts  were  determined: 

(a)  sodium  chlorld^;  Cp  =  11.70  +  5 •  10*  10"^  (±0.5^)  (from  I50  to  700*)  j 

(b)  barium  chloride:  Cp  =  18.17  +  6.889*10"^^  (±0.7^)  (from  170  to  700* )j 

(c)  ammonium  chloride:  Cp  =  19.71  +  2.950*10"^^  (±0.51^)  (from  100  to  l8l,2*5 

a-modif ication) 5 

Cp  =  15.86  +  5.204*10“^  (±0.5^)  (from  200  to  250*i  3-modlfication) , 

"  Heat  of  transformation":  a  NH4CI  =  3  NH4CI  +  Q 
Q  =  -1059+8.0  cal/mol  (from  l8l.2  to  199.5*)}' 

(d)  sodium  carbonate;  Cp  =  25. 06  +  4,l84*10~^  (±0.5l(>)  (from  200  to  29O®). 

Cp  =  50.15  +  1.965-'i0"^«  (±0.5^)  (from  5OO  to  600*). 

Heats  of  transformation:  a  NagCOa  =  3  NagCOs  +  Qi. 

1st  transformation:  Qi  =  -200,6  +  6.5  cal/mol  (29O  to  565*). 

2nd  transformation  3  NaaCOa  =  ^^^2003  +  Q2  (from  567  to  500*). 

^  =  -448.5  ±  55.5  cal/molj 

(e)  sodi^  sulfate:  Cp  =  28.24  +  5.207-10"^  (±0.5^)  (from  100  to  194,5*) 

Cp  =  56 .’50'+  1.600*10  (±0.5^)  (from  290. 5  to  600*). 

Heat  of  transformation:  xNa2S04  =  xiNa2S04  +  Q; 
in  1st  heating;  Q  =  —2587  ±4.55  cal/mol, 
in  2nd  heating:  Q  =  -2020.5  ±50.5  cal/mol, 

in  5rd  heating:  Q  =  — 20l6  +  25.5  cal/mol  (from  194.5  to  290.5*)} 

(f)  poteissiuiif  dichromate;  Cp  =  48.55  +  6,71*10“^  (±0.5^)  (from  111  to  24l*). 
Cp  =  55.01  +  4 '57*  10"^  (±0.5^)  (from  290  to  585*). 

Heat  of  transformation:  a  K2Cr207  =  3  K2Cr207  +  Q. 

Q  =  —565.6  +  11,1  cal/mol j 

(g)  sodium  dichromate;  Cp  =  46.22  +  10,55*10”^  (±0.5^)  (from  150  to  247*)} 

Cp  =  50.57  +  6.80*10"^  (±0.5^)  (from  260  to  510*7 

At  247*  a  sharp  fall  in  Cp,  reminiscent  of  the  'A  transformation,  was  noted-. 
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TYPES  OF  COMPLEX  FLUORALUMIMTES  IN  AQUEOUS  SOLUTIONS 
G,  S.  Savchenko  and  I.  V.  Tananaev 

As  was  shown  by  the  researches  of  I.  V.  Tananaev  (1939)  and  later  of 
Brosset  [1],  the  ions  of  aluminum  and  fluorine  react  in  aqueous  solution  with 
the  formation  of  non-dissociable  complex  ions  containing  different  amounts  of 
fluorine  ions,  depending  on  the  relative  concentration  of  the  latter  in  solution. 
Assuming  that  the  valence  of  the  aluminum  ion  and  the  maximum  coordination 
number  for  it  in  combination  with  fluorine  is  equal  to  six,  the  following  series 
of  fluoraluminate  ions  may  be  written,  differing  according  to  the  degree  of 
saturation  of  aluminum  by  fluorine;  1,  [A1(H20)6]^^5  2,  [A1(0H)5F]^  5 
3.  [A1(0H)4F2]'">  h.  [A1(0H)5F];  5.  [A1(H20)2F4]  *  5  6.  [A1(H20)F5]  7,  [AlFg]***. 

Brosset  [1]  gives  values  for  dissociation  constants  for  every  given  series  of 
fluoraluminates;  AIF^  -  lo36*10’®j  A1F2^  ~  1.4l-10"^^5  AIF3  -  1.01*10"^^5 
[A1F4]*  -  5. 55-10' [AlFs]^"  -  2.36*10"^®j  [AlFs]^”  -6. 93-10"^®. 

In  the  literature,  mention  is  made  of  compounds  corresponding  to  type  4 
(otherwise  A1F3*3H20),  which  was  isolated  in  i)articular  by  I.  V.  Tananaev  [2] 
and  recently  by  Ehret  and  Frere  [3],  and  to  types  ^,6  and  7t  isolated  in  the 
form  of  salts  with  alkali  metals:  AlF3*NaF  [4],  A1F3-2KF-H20  and  AlF3*3NaF. 

I.  V.  Tananaev  and  Yu.  L.  Lelchuk,  however,  could  not  confirm  the  existence 
of  AlF3*NaF  by  investigating  the  solubility  in  the  system  AlF3-NaP“H20  [5]*  It 
was,  however  shown  by  them  that  AlF3*3NaF  exists  only  when  there  is  an  excess  of 
NaF  in  the  solution  equal  to  1.4^5  the  main  product  in  the  system  is  the  double 
salt  NaF*4AlF3,  which  is  stable  to  water. 

It  follows  from  these  results  that  although  the  existence  of  fluoraluminates 
of  different  composition  in  the  solution  is  acknowledged,  there  are  in  fact  no 
reliable  experimental  results  which  show  this.  Judgment  on  the  form  of  combination 
of  the  aluminum  and  fluorine  ions  in  solution  has  hitherto  been  expressed  on  an 
analogy  with  the  composition  of  the  solid  phases,  which  have  fairly  specific 
conditions  for  their  formation.  I.  V.  Tananaev* s  results  were  an  exception.  He 
showed  by  studying  the  solubility  of  CaF2  and  PbFCl  in  solutions  of  A1(N03)3  that 
the  ions  AIF^"*^  and  A1F2^  exist  in  solution. 

In  the  present  article  the  results  are  given  of  the  investigation  of  the 
reaction  of  aluminum  ions  with  fluorine  ions  by  methods  of  measuring  the  hydrogen 
ion  concentration,  and  determination  of  the  rise  in  the  temperature  at  which  the 
mixtures  solidify  from  solutions  of  aluminum  salts;  A1(N03)3,  AICI3,  Al2(S04)3 
and  HF.  It  was  suggested  that  in  the  formation  of  stable  combinations  of  aluminum 
and  fluorine  ions  in  solution  free  HNO3  appears,  as  a  result  of  which  the  concen¬ 
tration  of  H  ions  in  the  solution  must  increase,  thus  changing  the  heat  content 
of  the  solution. 

Since  HF  is  a  weak  acid,  the  amount  of  H^  ions  present  in  the  solution  as  a 
result  of  the  reaction  will  be  equivalent  to  the  amount  of  reacted  hydrogen 
fluoride.  The  deviations  in  the  observed  valpes  of  the  H  ion  concentration 
from  the  mixtures  calculated  from  the  law  will  be  a  criterion  for  estimating  the 


^)  In  the  form  of  the  corresponding  aquo-ionsj  for  the  purpose  of  simplification 
the  positively  charged  fluoraluminate  ions  will  in  future  be  written  without  the 
coordlnately  linked  water. 
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Intensity  of  reaction  in  the  system.  An  example  of  this  kind  is  the  similar 
Investigation  of  I.  V.  Tananaev  and  E.  N.  Deichman  [6],  which  was  devoted  to 
a  study  of  the  reaction  in  a  system  of  beryllium  ions  and  HF. 

Method  of  procedure 

The  original  solutions  of  aluminum  salts  were  prepared  from  the  corresponding 
chemically  pure  preparations.  The  stoichiometry  of  composition  of  the  salts  was 
fixed  by  analysis  and  separately  by  testing  the  free  acid  content  by  I,  V. 
Tananaev’s  method  [7].  The  mixtures  used  were  prepared  by  weighing  the  original 
solutions  and  mixing  them  in  the  required  proportions. 

Each  mixture  was  placed  in  a  waxed  vessel  kept  in  a  thermostat  at  25*  + 

0.1*,  after  which  the  concentration  of  hydrogen  ions  was  measured  by  a  potentio¬ 
meter  of  the  RAPS  system,  A  mirror  galvanometer  sensitive  to  0.5^* 10”®  A  was 
used  as  the  zero  of  the  instrument.  The  liquid  under  investigation  was  connected 
with  a  calomel  electrode  (filled  with  a  saturated  solution  of  KCl)  through  an 
Intermediate  vessel  containing  saturated  KCl,  by  means  of  an  agar-agar  switch, 
one  side  of  which  was  closed  with  wax.  In  order  to  avoid  the  KCl  falling  from 
the  switch  into  the  mixture^)  being  investigated,  vessels  made  of  two  tubes  were 
used.  Joined  by  a  connecting  tube  placed  in  a  high  position.  In  this  case  the 
KCl  falling  into  one  of  the  bends  of  the  vessel  naturally  could  not  work  its  way 
quickly  into  the  second  bend  into  which  the  electrode  was  Immersed.  Instead  of 
the  described  switch,  sometimes  a  strip  of  filter  paper  soaked  in  the  solution 
to  be  investigated  was  used.  A  qulnhydrone  —  smooth  platinum  system  was  used  as 
Indicator  electrode.  The  results  of  the  measurements  after  suitable  conversion 
were  plotted  on  a  graph?  concentration  of  ions  (ordinates)  —  composition  of 
solution  (abscissas).  The  latter  changes  from  experiment  to  experiment  in  such 
a  way  that  the  relations  between  the  concentrations  of  HF  and  aluminum  salt 
varied  within  fairly  wide  limits  (from  0.1  to  10), 

Since  the  solutions  of  the  starting  materials  also  have  a  known  acidity  . 
(especially  the  solutions  of  HF),  a  correct  reading  of  the  diagrams  is  only 
possible  if  this  acidity,  which  is  not  connected  with  the  chemical  action  of  the 
components,  is  taken  into  account.  For  this  purpose  an  additional  determination 
of  the  hydrogen  ion  concentration  in  aqueous  solutions  of  the  salts  of  aluminum 
and  hydrogen  fluoride  taken  separately  was  carried  out. 

Considering  that  systems  of  the  type  AIX3— HF--H2O  (X  =  NO3,  Cl,  2SO4)  are 
four -component  ones,  the  following  binary  and  ternary  systems  had  to  be  investi¬ 
gated  in  addition:  HX-HgO,*  HF^HsO;  AlX3-H20j  A1X3-HF^H205  HF-HX-HgO. 

The  heat  measurements  were  done  by  a  method  based  on  one  worked  out  by  Dutoit 
and  Grobet  [8].  A  Dewar  flask  was  put  into  a  wooden  box,  and  another  Dewar  flask 
of  smaller  dimensions,  about  200  ml  in  capacity,  sealed  inside  with  a  layer  of  wax, 
was  put  in  it.  A  Beckmann  thermometer,  the  lower  part  of  which  was  placed  in  a 
casing  of  thin  gold  leaf,  and  a  stirrer  of  thick  platinum  wire,  were  put  through 
the  cover  of  the  small  vessel,  which  had  two  openings. 

First  of  all,  definite  volumes  of  solution  of  aluminum  salt  and  water  were 
put  into  the  inner  Dewar  vessel.  After  careful  stirring  and  determining  the 
temperature  of  the  mixture,  a  weighed,  previously  calculated  quantity  of  a  solu¬ 
tion  of  hydrogen  fluoride  was  added  from  a  wax  bottle,  after  which  the  whole 
solution  was  again  carefully  stirred.  The  increase  of  temperature  thus  observed 

In  mixtures  of  aluminum  ions  with  excess  of  HF,  potassium  ions  deposit  a 
sparingly  soluble  double  salt. 
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was  plotted  on  the  graph  against  the  composition.  In  conducting  the  experiments, 
special  care  vas  taken  that  the  solutions  used  were  at  approximately  the  same 
temperature  and  that  the  possibility  of  introducing  heat  into  the  system  by 
touching  the  tubes  with  the  hands  was  excluded. 

Investigations  on  the  method  of  measuring  ion  concentrations 

Results  of  the  determination  of  the  hydrogen  ion  concentration  in  the  binary 
systems;  A1 (N03)3-H20,  HP“H20,  and  HNO3— H2O,  are  given  in  Table  1  and  in  Flg.l. 

It  is  seen  from  the  graphs  that  the  relation  between  the  amount  of  hydrogen  ions 
in  the  solution  and  the  concentration  of  the  dissolved  substance  is  expressed  in 
general  by  a  straight  line. 

Corresponding  data  for  the  ternary  systems:  A1(N03)3-HN03”H20  and  HN03“ 
HF“H20  are  given  in  Table  2.  As  seen  from  Figs.  2  and  3^  the  concentration  of 
hydrogen  ions  is  in  both  cases  in  linear  relation  to  the  HNO3  content  of  the 
solution,  HNO3  being  the  main  source  of  hydrogen  lonsj  no  reaction  between  A1(N03)3 
and  HNO3  on  the  one  hand,  and  HNO3  and  HF  on  the  other  hand,  is  observed. 


Table  1 

Results  of  the  determination  of  the  ion  concentration  in  the  systems: 


A1(N03)3-H203  HP-H2OJ  HNO3-H2O 


Concen-  ' 

tration 
of  anhy¬ 
drous 
compon¬ 
ent  (moles/ 1 
liter) 

'system 

;  A1(N03)3-H20  i 

'  System  HP-H2O 

System  HNO3-H2O 

E.M.F. 

1 

1 

1  pH  1  [H'^] 

i  ' 

i  i  ! 

1 

E.M.F. 

j 

pH 

[H'"]  ! 

! 

1 

! 

E.M.F. 

1 

I  ; 

1 

pH 

i  -  -  i 

0.001  i 

Jo. 203 

j  4.35  1  4.64*10"^ 

0.264 

3.30 

5-10“^  i 

0.273  J 

3.14 

7.3-10' 

0.003  ' 

0.224 

!  3.99  1  1.03-10"^ 

0.280  1 

3.02 

9.6-io"‘* 

0.304  1 

i  2.60 

2.5*10‘ 

0.01  i 

:o.24o 

3.71  '  1. 9^-10"^ 

0.501 

2.65 

2.2*10“^  ; 

0.333  j 

|2.10  . 

8.10"^ 

0.03  i 

'0.255 

1  3.43  ’  3.72*10“'^ 

0.318 

2.57 

4.3*10“^  ■ 

0.359  1 

1.65  . 

2.25*l( 

0.1 

0.276 

3.09  '  8.19*10"^ 

0.335 

2.07 

8.5-10"®  1 

0.388  ! 

1.15  ! 

7.15*1< 

0.3  ^ 

io.298 

2.71  ;  1.97*10"® 

0.350 

1.80 

1.58-lo;2j 

0.4l4  j 

!  0,90 

1.26*l( 

0.5 

0.315 

2.4l  '  3.88*io"^ 

0.363  ' 

1.58 

2.63*10  ^ ! 

0.427 

0.47  ' 

3.39*1( 

1 

- 

0.374 

1.39 

5.13*10"^ 

0,444 

0.175 

6.68*l( 

^-3 


)‘2 

>'2 


The  results  of  the  detennl nation  of  the  ion  concentration  in  the  system 
A1(N03)3-HP“H20  are  given  in  Table  5.  As  seen  from  Figs.  5^  6 
and  which  Illustrate  the  course  of  the  change  of  when  the  concentra¬ 

tions  of  the  total  A1(N03)3  +  SF  equal  to  0.01,  0.05,  0.1  and  0.2  mole/liter 
respectively,  the  behavior  of  the  system  is  very  characteristic  and  differs 
sharply  from  the  behavior  of  the  binary  and  ternary  systems  just  considered.  The 
sharp  maximum  on  each  cui^e  at  the  point  where  HF:A1(N03)3  =  2  attracts  attention. 
In  view  of  the  fact  that  a  considerable  increase  in  the  acidity  of  the  solution 
depends  on  the  presence  only  of  HNO3  in  the  solution,  it  should  be  assumed  that  a 
reaction  of  NO3*  ions,  consisting  of  the  substitution  of  NO3*  ions  by  F*  ions, 
occurs  in  the  system.  The  following  equation  of  the  reaction  in  solution  evidently 
corresponds  to  the  maximum  indicated  on  the  graphs: 


A1(N03)3  +  2HF  - AIF2NO3  +  2HNO35 

Al^"^  +  2HF  - A1F2'^  + 
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Table  2 


Results  of  the  measurement  of  H  ion  concentration  in  the  systems: 
A1(N0)3-HN03-H20  and  HF-HNO3-H2O 

Total  anhydrous  components  0.1  mole/liter 


Exp. 

No. 

System:  A1 (NO3 ) 3-HNO3-H2O 

Exp. 

No. 

System:  HP“HN03-H20 

HNOr^ 

A1(N03)3 

E.M.F. 

pH 

[h’] 

HN03:HF 

1  E.M.F. 

pH 

! 

[h’1 

1 

0.1 

0.33^ 

2,08 

0.0083 

7 

0.1 

[  1 

1  0.343  1 

I 

1  1^93 

0.0117 

2 

0.5 

0.359 

1.65 

0.0224 

8 

0.2 

0.350 

1.80 

0.0158 

3 

1 

- 

- 

- 

9 

0.33 

0.358 

1.67 

;  0.0214 

k 

3 

0.379 

1,30 

0.0501 

10 

1 

0.372 

1.47  ; 

0.0339 

5 

5 

0.383 

1.23 

0.0589 

11 

2 

0.378 

1.32 

0.0479 

6 

10 

0.385  1 

1.20 

0.0631 

12 

10.1 

0.387 

1.16 

0.0692 

Table  3 

Results  of  the  determination  of  the  ion  concentration  in  the  system: 

A1(N03)3-HP“H20 


Total  A1(N03)3  +  HF  =  0.01,  0.03,  0.1  and  0.2  mole/liter 


>9 

^1(N03)c 

+  HF= 

A1(N03) 

3  HF= 

Al(N03l 

3  +  HF= 

A1(N03); 

3  +  HF= 

..  0 

=0.01  mole /liter 

=0.03  mole/liter 

=0.1  mole/liter 

=0.2  mole/liter 

E.M.F. 

[H-] 

E.M.F. 

[H*] 

E.M.F. 

[H-] 

E.M.F. 

[H*] 

0.1 

0.290 

0.00143 

— 

— 

0.350 

0.00708 

- 

0.25 

0.305 

0.00261 

- 

- 

0.350 

0.0159 

0.565 

0.0288 

0.5 

0.315 

0.00436 

0.340 

0.0105 

0.363 

0,0263 

0,375 

0.0427 

1 

0.525 

0.0058 

0.351 

0.0163 

0.37^^ 

0.04i7 

0.380 

0.0525 

1.5 

- 

- 

0.35^ 

0.0186 

- 

- 

- 

- 

2 

0.332 

0.00764 

0.357 

0.0207 

0.580 

0.0520 

0.386 

0.0661 

2.5 

— 

- 

0.353 

0.0177 

0.379 

0.0498 

- 

— 

3 

0.327 

0.00625 

0,350 

0.0157 

0.378 

0,0479 

0.383 

0.0589 

4 

- 

- 

0.350 

0.0157 

0.376 

0.0443 

- 

- 

6 

0.317 

0.00421 

- 

0.365 

0.0286 

0.375 

0.0427 

LO 

0.317 

0.00421 

0 

d 

0.0105 

0.360 

0.0240 

- 

10 

0.512 

0.00344 

- 

- 

0.353 

0.0178 

- 

In  Table  4  similar  results  obtained  for  the  systems  AlCl3~HP-H20  and 
Al2(S04)3”HP-H20  are  given.  As  seen  from  Figs.  8  and  9,  "the  general  picture 
of  the  reaction  is  also  the  same  in  this  casej  the  uTidissociated  ion  AIF2  is 
formed  in  the  solution. 

In  Table  5  (Fig.  IC),  figures  are  given  for  the  measurement  of  the  ion 
concentration  in  the  system  H2SO4-H2O.  These  results  may  be  used  for  settling 
the  question  of  the  amount  of  substituted  H2SO4,  on  a  basis  of  which  the  degree 
of  progress  of  the  formation  of  the  AIF2  ion  may  be  judged. 


Thermometric  measurements 

A  change  of  temperature  (.\t)  depending  on  the  ratio  HF:A1  in  solution 
was  produced  in  the  system  Al(N03)3“HP-H20  at  three  concentrations  of  total 
A1(N03)3  +  HF  equal  to  0.1,  0.25  and  0,5  mole/liter,  and  in  the  system  AICI3— 
HP-H2O  with  total  AICI3  +  HF  =  O.25  mole/liter.  The  results  of  the  measurements 
are  given  in  Table  6  and  Figs.  11,  12,  13  and  l4. 
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Tab  le  4 

Results  of  the  determination  of  ion 
concentration  in  the  systems: 
AICI3-HP-H2O  and  Al2(S04)3-HP-H20 

Total  concentration  of  anhydrous 


components  0.1  mole/liter 


HF 

System: 

AlCl3“HF^H20 

System: 

Al2(S04)3-HP-H20 

A1(N03)3 

E.M.F. 

[H"] 

E.M.F.  1 

[H-] 

0.05 

- 

- 

O.325I; 

0.0055 

0.1 

0,525 

0,00575 

_  1 

— 

0.125 

- 

- 

0.3387 

0,0096 

0.25 

0.347  i 

0.0138 

0.3486 

0.0142 

0.5 

0.360  i 

0.0234 

0.3584 

0.0209 

0.75 

- 

0.3635 

O-O257 

1 

0.3697* 

'0.0392  i 

0,3665 

0,0288 

1,25 

0.376  i 

i  0.0443 

- 

- 

1.5 

0.377 

,0.0460 

0.3680 

0.0324  • 

2 

0.3805; 

10,0551 

0.3708 

0.0360 

2.5 

0.3802 

!  0,0526 

0.3700 

0.0345 

5 

0,3795 

,0.0501 

— 

— 

4 

0.3734 

0,0399 

- 

- 

5 

- 

t  _ 

0.3650 

'0.0292 

6 

0,3675 

1 0.03 16 

- 

- 

LO 

i  0,3643 

0,0275 

— 

- 

Table  5 

Results  of  the  determination  of  the 
ion  concentration  in  the  system; 
H2S04“H20 


Mole/ 

liter 

E.M.F, 

pH 

[H-] 

0.001 

0.2741 

3>12 

0.000759 

0.003 

0.3037 

2.61 

0.00245 

0.01 

0,5306 

2.l4 

0.00725 

0.03 

0,3551' 

1.68 

0.0209 

0.1 

0.3776 

1.53 

0.0490 

0,3 

0.4010 

0.92 

0.120 

0,5 

0,4l00 

0.765 

0.172 

As  seen  from  the  course  of  the 
curves  of  ''  t,  the  amount  of  heat 
evolved  in  the  reaction  increases 
simultaneously  with  the  increase  in 
relative  concentration  of  HF  in  the 
solution.  On  all  the  curves  there  is 
a  maximum  situated  at  the  point  where 
the  ratio  AF;HF  =  2.  It  follows  from 
this,  in  full  agreement  with  the  re¬ 
sults  of  the  measurement  of  H  ion 


concentration  in  the  same  systems,  that 
a  stable  compound  of  the  composition 
A1F2^  is  formed  in  the  solution.  As  seen  from  the  results,  in  mixtures  with 
total  concentrations  of  A1(N03)3  and  HF  the  rise  in  temperature  can  be  fairly 
considerable  (up  to  1"). 


Table  6 


Results  of  the  thermometric  measurement  (At)  in  the  systems: 
A1(N03)3-HF^H20  and  AlCl3~HP^H20 


0 

Z^t*  in  the  system;  A1(N03)3-EF-H20 

j 

At*  in  the 
system; 

1  AlCl3-HF^H20 

< 

rAl(N03)3  +  HF= 

IA1(N03)3  +  HF= 

^A1(N03)3  +  HF= 

XAICI3  +  hf= 

u 

X 

=0,1  mole/liter 

=0.25  mole/liter 

=0.5  mole/liter 

=0.25  mole/liter 

0,1 

0.02 

0.06 

0,10 

0,07 

0.5 

0,03 

0,l4 

0,34  1 

1  0,13 

1 

0,06 

0.20 

0,56  ; 

,  0,19 

1.5 

0.15 

0,25 

0.65 

0.26 

2 

0,20 

0.29 

0.92 

0,29 

2.5 

- 

- 

- 

0,26 

3 

0,11 

0.25 

0.75 

— 

4 

- 

0.22 

0.63 

— 

6 

0.06 

0,15 

0,58 

o,i4 

LO 

— 

- 

0,22 

— 
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Discussion  of  results 

The  experimental  material  given  Indicates  quite  clearly  that  In  aqueous 
solution  the  klY^  Ion  Is  the  only  stable  f luoralumlnate .  The  formation  of 
AIF3  on  the  given  curves  (obtained  In  the  conditions  of  an  acid  medium)  does  not 
occur.  It  is  natural  tl.at  sich  coordination  compounds  as  the  [AlFe]*"  ion  could 
not  be  observed  because  the  stability  of  this  ion  cannot  be  compared  with  that  of 
AIF3.  This  result  is  in  agreement  with  the  results  of  a  similar  investigation  of 
a  system*  of  Be^^  +  F*  ions  [6],  in  which  the  ion  BeF^  which  was  very  stable  was 
observed,  and  the  ions  BeF^  and  BeFf"  were  not  observed.  At  the  same  time  these 
results  do  not  agree  with  the  results  for  solubility  in  the  systems;  A1F3-A1C13“ 
HaO,  AlF3-Al2(S04)3-H20  and  A1F3-A1(N03)3;H20,  studied  by  Ehret  and  Frere  [5], 
in  which  A1F3‘5A1C13'38H20  and  AlF3*Al2(S04) 3 *151120  respectively  were  separated; 
in  the  system  with  A1(N03)3  the  formation  of  a  chemical  compound  between  A1(N03)3 
and  AIF3  was  not  mentioned  (a  simple  eutonic  was  observed) , 

As  we  see,  from  the  point  of  view  of  the  results  for  solubility  the  behavior 
of  all  three  systems  is  different,  while  according  to  our  measurements  of  hydro¬ 
gen  ion  concentration  all  t^iree  systems  behave  in  the  same  way;  the  only  ion 
stated  to  be  formed  in  solution  was  AIF2  •  Indications  were  also  given  earlier 
of  the  existence  of  similar  ions  not  saturated  with  fluorine. 


Fig.l.  pH  of  aqueous  solutions: 
A1(N03)3  (1)j  HF.(2);  HNO3  (3). 


A1(N03)3“HN03-H20;  IA1(N03)3  + 
HNO3  =0.1  mole/liter 


Thus,  A.  K.  Babko  and  K.  E.  Kleiner  [9],  who  studied  the  decolorlzation  of  a 
mixture  of  Fe^^  and'CNS*  ions  by  fluorine  ions  by  a  light  absorption  method, 
mentioned  the  presence  of  FeF^^  ions  in  the  solution,  with  a  dissociation  constant 
of  5* 10"®. 


As  seen  from  the  experimental  results  given  in  the  present  work,  the  existence 
of  AIF^  ,  which  is  similar  to  the  monofluoroferric  ion  just  referred  to,  is  not 
confirmed  by  the  measurements  of  hydrogen  ion  concentration  in  systems  of  the 
aluminum  salt  -  hydrogen  fluoride  -  water  type  at  the  investigated  concentrations 
of  components,  because  moreover  no  noticeable  change  was  observed  in  the  course  of 
the  curve  at  the  point  corresponding  to  HF;A1  =  1  (Figs.  ^-9).  In  addition  to  this, 
at  the  point  HF;A1  =  2,  as  a  rule  a  quantity  of  hydrogen  ions  close  to  that  calcu¬ 
lated  theoretically  is  found,  assuming  that  the  ion  AIF^  is  formed  (Figs.  5,  6 
and  others) .  It  follows  from  this  that  the  combination  of  the  second  fluorine  ion 
takes  place  with  the  same  energy  as  the  first.  The  results  of  the  thermometric 
measurements  are  specially  convincing  in  this  connection;  nor  do  the  curves  of 
increase  of  temperature  in  relation  to  HF  content  in  the  solution  in  this  case  show 
any  break  at  the  point  where  the  ratio  HF;A1  =  1, 


2510 


•  Fig«5-  [H^]  in  the  system  Fig. 4.  [H^]  in  the  system 

HNOa-HF^HsO;  '/HNOa  +  HF  =  Al(N03)3-TfiF^H20;  J:A1(N03)3  4 

=Ool  mole/liter  HF  =  0.01  mole/liter 

It . is  clear  from  what  has  been  said  that  Brosset's  results  which  were 
introduced  at  the  beginning  of  the  article,  in  connection  with  the  degree  of 
dissociation  of  different  fluoraluminates  which  correspond  to  all  the  possible 
phases  of  fluorination  of  the  aluminum  ion,  require  correction.  In  any  case 
our  results  do  not  agree  with  Brosset*s  conclusions  which  require  a  more 
serious  basis. 

Some  time  ago  one  of  us  stated  the  fact  of  the  increased  solubility  of 
cryolite  in  aqueous  solutions  of  AICI3.  This  phenomenon  was  explained  by  the 
formation  of  AlF3;5NaF*AlF3  +  AICI3  — ►  2AIF3  +  5NaCl. 

In  the  light  of  the  results  given  in  the  present  article,  the  fact  that 
cryolite  dissolves  in  solutions  containing  aluminum  ions  should  be  explained  by 
the  formation  of  AlFs^  lons| 

3NaF-AlF3  +  SAl^"^  - 3A1F2‘^  +  ^NaF"^; 

Brosset  explained  the  marked  solubility  of  CaF2  in  solutions  of  AICI3  by  the 
formation  of  the  ions  [AlFe]***? 

6CaF2  +  2AICI3  - Ca3(AlF6)2  +  3CaCl2. 


Flg.5o  [H^]  in  the  system 
A1(N03)3-HF-H205 

2:a1(N03)3  +  HF  =  0,03  mole/liter 


Fig, 6,  [H^]  in  the  system 
A1(N03)3“HF-H20,*  ZA1(N03)3  + 
HF  =  0.1  mole/liter 


Fig. 7.  [H'*’]  in  the  system 
A1(N03)3-HP-H20j  ZAlCROa) 
+  HF  =  0.2  mole/liter 


Fig. 8.  [H'*’]  in  the  system 
AICI3-HF-H2OJ  5:A1C13  + 

HF  =  0.1  mole/liter 


As  we  showed,  cryolite  reacts  easily  with  CaCl2  with  the  formation  of  CaF2 
'and  an  equivalent  amount  of  sodium  ions  passes  into  solution,  by  which  the 
reaction  equation  which  has  Just  been  given  was  disproved.  Actually  the  action 
of  CaF2  on  Al^'*’  ions  takes  place  differently,  viz; 

CaF2  +  Al^"*"  - >-  A1F2'^  +  Ca^. 

A  similar  reaction  with  Be^"'’  ions  would  be  written  thus: 

CaF2  +  2Be^  - ►  2BeF^  +  Ca^. 


[HV 


Fig. 9.  [H'*’]  in  the  system 
A]2(S04)3“HF^H20j  ZAl2(S04)3 
+  HF  =  0.1  mole/liter 


Fig. 10,  pH  of  aqueous  solutions- 
H2SO4 . 


In  this  way,  the  fact  that  slightly  soluble  fluorides  dissolve  in  solutions 
of  salts  of  multivalent  cations,  which  was  explained  earlier  by  the  formation  of 

II  ’  III  IV  _ 

coordlnately  saturated  metallic  fluorides  of  the  type  [MeF4]^'’,  [MeFe]^”j  [MeFe]^” 

II  III 

etc.,  should  now  be  explained  by  the  formation  of  ions  of  the  type  [MeF]"^,  [MeF]^''’, 
III  .  IV 

[MeF2]  ,  [MeF2]^  etc.  positively  charged  and  coordlnately  saturated  in  relation 
to  the  fluorine. 


The  formation  of  neutral  molecules:  IfeF2,  MeF3,  MeF4  and  others  should  take 
place  in  the  presence  of  a  sufficient  quantity  of  fluorine  ions.  As  regards 
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f luoralumlnate  ions  of  the  type  [.MeF4]‘ 


III 

[MeFe)®'; 


[MeFe]®”  and  others,  these 


can  be  formed  only  in  a  large  excess  of  fluorine  ions.  Binary  salts  of  the  type; 
2KF*A1F3,  5NaF*AlF3  and  others  must  by  their  existence  in  an  aqueous  medium  have 
the  difficult  solubility  of  these  compounds;  in  solution  they  decompose  extensively, 
evidently  before  the  formation  of  the  ions  of  the  Me^a  "type,  for  example: 

[AIFq]^"  - AlFa"^  +  4F*. 


Fig. 11.  At  in  the  system 
A1(N03)3“HP-H20;  EA1(N03)3 
+  HF  =  0.1  mole/liter 

I 


'1\ 

iV 

0.30 

JK 

!\ 

^eito 

1 

1 

OfO 

1 

0 

-4 . 1.  ! - J — 1  1 

«  A5  i  iTlo 

Fig.  13.  At  in  the  t,ystem 
Al(N03)3-Hr“H20;  ZA1(N03)3 
+  HF  =  0.5  mole/liter 


Fig. 12,  At  in  the  system 
A1(N03)3-HI^H20;  ZA1(N03)3 
+  HF  =  0.23  mole/liter. 


05  f  i  3  e 

fffAICtj 

Fig.l4.  At  in  the  system 
AICI3-HP-H2O;  I:A1C13  +  HF 
=  0,25  mole/liter 


It  is  therefore  quite  wrong  to  explain  the  difficulty  of  decomposition  of  cryolite 
on  evaporation  with  sulfuric  acid  by  the  high  stability  of  [AIF©]^”  ions,  A 
considerable  part  —  viz.  §  of  the  total  quantity  —  of  the  fluorine  in  the  cryolite 
is  moreover  linked  very  lightly: 

AlFe***  +  4H'*’  - klFs^  +  4HF 

while  the  remaining  two  fluorine  ions  separate  only  with  great  difficulty  and  a 
double  evaporation  to  dryness  is  required  for  their  complete  removal.  A  similar 
picture  will  of  course  be  seen  also  when  other  fluorides  of  multivalent  metals 
are  treated  with  sulfuric  acid. 

The  instability  of  AlFe***  ions  in  solution  was  mentioned  by  I.  V.  Tananaev  in 
a  study  of  the  properties  of  the  hexafluoraluminic  (cryolitic)  acid  which  he 
discovered.  This  compound  is  Incongruently  soluble,  and  therefore  when  it  is 
present  to  a  certain  extent  in  a  solution  the  comparatively  insoluble  A1F3^3H20 
separates  out.  Investigation  of  the  system  AIF3— HP-H2O  by  measuring  the  H  ion 


! 

I  concentration  showed  that  the  reaction: 


AIF3  +  3HF  - >-  AlFe"*  + 

either  hardly  takes  place  at  all  or  proceeds  to  a  very  insignificant  extent. 

The  no  less  graphic  behavior  of  the  system  Al^^  +  F*  is  illustrated  by  its 
relation  to  calcium  ions.  A  precipitate  of  CaFg  is  formed  on  addition  to  the 
mixtures  of  Al^"*"  +  6HF[AlFe'**  and  Al^'*’  +  3HF(A1F3)]j  no  precipitate  is  formed 
on  carrying  out  a  similar  operation  with  AIF2  ions. 

On  a  basis  of  the  work  done  and  also  from  the  examples  given,  it  may  be 
concluded  that  the  composition  of  any  substances  in  solution  may  not  agree  with 
the  composition  of  the  solid  phases  which  it  is  possible  to  separate  from  the 
same  solution.  This  statement,  which  has  already  been  made  by  Bodlender  and 
Fittig  [10],  has  not  lost  any  significance  up  to  the  present  time,  because  there 
is  only  a  very  small  number  of  Investigations  devoted  to  finding  the  composition 
and  structure  of  different  substances  in  solution.  From  the  authors*  results  the 
fluorides  of  metals  are  no  exception!  salts  of  other  acids,  especially  oxalates, 
behave  in  a  similar  way. 

SIJWFAP.y 

A  number  of  systems  of  the  type  aluminum  salt  (nitrate,  chloride,  sulfate) 

“  hydrogen  fluoride  -  water  were  investigated  by  measuring  the  hydrogen  ion 
concentration  and  by  thermometric  measurements.  It  was  found  that  in  all  three 
systems  a  very  stable  ion  AlFg"^  is  formed,  which  does  not  dissociate  noticeably 
in  solution.  The  existence  of  this  ion  is  explained  by  the  capacity  that  salts 
of  aluminum  (and  of  a  number  of  other  multivalent  metals)  have  of  dissolving 
sparingly  soluble  fluorides  (cryolite,  CaFg) .  The  existence  of  AIF3  and  even 
of  complex  fluoralumlnates  of  the  AlFg^"  type  in  solution  was  not  confirmed,  on 
account  of  their  considerable  dissociation. 

The  results  obtained  oblige  one  to  modify  the  views  on  the  structure  and 
behavior  of  fluorides  of  multivalent  metals  in  solution. 
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SYNTHESES  IN  THE  PSEUDOHELIOTRIDANE  SERIES 


A.  D.  Kuzovkov  and  G.  P.  Menshikov 


Under  the  name  pseudohellotridane  one  of  us  described  a  base  of  the  structure 
(l)  which  is  a  diastereomeric  form  of  heliotridane  [1].  Pseudoheliotridane  was 
prepared  by  the  reduction  of  trachelantamidine  (II),  an  amino  alcohol  formed  by 
the  hydrolysis  of  the  alkaloids  trachelantamine  [2]  and  viridiflorin  [3].  By  the 
action  of  thionyl  chloride  on  trachelantamidine,  the  hydroxyl  group  is  easily 
substituted  by  chlorine,  and  chloropseudoheliotrldane  (ill)  is  obtained  in  good 
yield.  The  latter  has  already  been  used  by  us  (Gurevitch  and  Menshikov)  for 
introducing  a  pseudoheliotridane  residue  into  the  amino-group  of  6-methoxy-8- 
aminoqulnollne  with  the  object  of  forming  an  analog  of  the  known  plasmoquin  [4]. 
Since  trachelantamidine  and  its  complex  ethers  (alkaloids)  have  a  strong 
pharmacological  action  [5],  it  seemed  not  without  interest  to  us  to  make  use  of 
the  alkylating  properties  of  chloropseudoheliotrldane  in  order  to  prepare,  for 
pharmacological  Investigation,  some  secondary  and  tertiary  amines  in  which  the 
constant  radical  would  be  a  residue  of  pseudoheliotridane.  With  this  in  view, 
as  a  result  of  the  action  of  the  corresponding  amines  on  chloropseudoheliotrldane, 
the  following  amines  were  obtained:  methylbenzylpseudoheliotridylamine  (IV), 
3-ethanolpseudoheliotridylamlne  (V),  octylpseudohellotridylamine  (VI),  methyl- 
octylpseudoheliotridylamine  (VIl),  diethylpseudohellotridylamine  (VIII),  N- 
pseudohellotridyl  piperidine  (IX),  and  phenylpseudoheliotrldylamine  (X).  The 
constants  and  properties  of  these  amines  are  given  in  the  experimental  section. 


CHa-CH-qH-CHs-R 

CH2  N  CH2 

\.-  '''/ 

CH2  CH2 


(I)  R 


H)  (II)  R  =  OH;  (III)  R  -  Cl; 


CH3 

(IV)  R  -  N-CH2C6H5, 


(V)  R  =  NHCH2CH2OH; 


(VI)  R 


(IX) 


CH3  C2H5 

=  NH(CH2)r-CH35  (VII)  R  =  N-(CH2) r-CH3}  (VIII)  R  = 

C2H5 

CH2-CH2 

R  =  N'^  xCH25  (X)  R  =  NHCeHs;  (Xl)  R  =  OCeHs 


CH2-CH2 


The  difficulty  of  preparing  these  amines  lies  in  the  fact  that  chloro- 
pseudohellotridane  easily  polymerizes  on  heating,  both  in  the  pure  state  and  in 
solution.  In  addition,  polymeric  compounds  are  formed  which  have  all  the  properties 
of  salts  of  quaternary  ammonium  bases.  It  is  evident  that  the  cause  of  this 
phenomenon  lies  in  the  alkylating  property  of  chloropseudoheliotrldane,  which 
makes  it  possible  to  combine  one  molecule  of  this  base  with  the  nitrogen  of 
another.  In  order  to  weaken  the  Influence  of  polymerization  as  much  as  possible 
and  to  guide  the  reaction  in  the  desired  direction,  a  large  excess  of  amine  in 
relation  to  the  chloropseudaheliotrldane  was  taken.  This  greatly  increased  the 
yields  of  synthetic  amines,  calculating  on  the  chloropseudoheliotrldane.  The 
medium  in  which  they  were  obtained  also  had  some  significance  in  determining  the 
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a  whole  series  of  solvents,  hut  we  obtained  the 
-best  results  when  the  reaction  was  carried  out  in  dry  kerosene. 

The  alkylating  property  of  chloropseudoheliotridane  was  used  by  us  for 
introducing  the  pseudoheliotridane  residue  not  only  into  amino,  but  also  into 
hydroxyl  groups.  By  the  action  of  potassium  phenate  on  chloropseudohelio¬ 
tridane,  pseudoheliotridyl  phenyl  ether  (Xl)  was  obtained. 

EXPERIMENTAL 

Methylbenzylpseudoheliotridylamine.  l6  g  methylbenzylamine  and  k  g 
chloropseudoheliotridane  were  dlssoived  in  50  ml  distilled  kerosene.  The 
solution  was  heated  for  5  hours  in  a  flask  with  reflux  condenser  in  an  atmosphere 
of  nitrogen  on  an  oil  bath  with  the  bath  at  a  temperature  of  l80-200* .  On 
cooling,  the  contents  of  the  flask  was  extracted  with  10^  hydrochloric  acid. 

The  acid  extract  was  extracted  with  ether  to  separate  traces  of  kerosene,  then 
treated  with  excess  of  a  strong  solution  of  caustic  soda  and  again  extracted 
exhaustively  with  ether.  The  ethereal  solution  was  dried  with  caustic  potash 
and  the  ether  was  distilled  off.  The  remaining  oil  was  distilled  in  vacuo 
with  a  short  column.  After  a  second  distillation  5*9  g  of  an  almost  colorless 
oil,  distilling  at  179-l8l*  (9  nm)  was  obtained. 

df®  0.9983}  1.5306;  aj)  -  9.01*  (without  solvent);  1  0.5  dm;  [a]jj  ~ 

18.05*}  MR  75.69,  calculated  75.97. 

2.565  mg  substance:  O.256  ml  N2  (l8*,  7^9  mm).  Found  N  11.55.  C16H24N2. 
Calculated  N  11.47. 

P-Ethanolpseudoheliotridylamine .  This  amine  was  prepared  in  the  same 
conditions  as  the  previous  one,  except  that  the  time  of  heating  of  the  reaction 
mixture  was  increased  from  3  to  8  hours.  As  a  result,  from  3.5  g  chloropseudo¬ 
heliotridane  and  15  g  ethanolamine ,  2.5  g  of  a  colorless,  viscous  oil  distilling 
at  165-165*  (6  mm)  were  obtained). 

df®  1.036;  n§°  1.5027;  aij-7.10*  (without  solvent);  1  0.5  dm;  [a]j)  -  13.70*; 

MR  52.56,  Calc.  53.04. 

2.318  mg  substance:  0.302  ml  N2  (I8*,  748  mm);  2.86l  mg  substance:  0.376 
ml  N2  (20*,  747  mm).  Found  N  I5.O5,  15.04.  C10H20ON2.  Calculated  N  15.21. 

i  Octylpseudoheliotridylamine .  This  compound  was  prepared  in  exactly  the 

,]  same  conditions  as  methylbenzyipseudoheliotridylamlne.  From  16  g  octylamine 
j  and  3  g  chloropseudoheliotridane,  2.7  g  of  a  colorless  oil,  distilling  at  169-I7O* 
(5  mm),  were  obtained. 

df®  0.9013}  n§°  1.4766;  aj)  -  4,80*  (without  solvent);  1  0.5  dm;  [ajj)  -  10.65*; 
MR  79.10,  calculated  79.25. 

I  3.230  mg  substance:  O.5IO  ml  N2  (I8*,  740  mm).  Found  N  10. 96.  C16H32N2. 

j  Calculated  N  11.09 . 


yield  of  these  amines.  We  tested 


Methyloctylpseudoheliotridylamine.  2,5  g  octylpseudoheliotridylamine,  4  ml 
50^  formaldehyde  and  2  g  formic  acid  were  mixed  in  a  flask  fitted  with  a  reflux 
condenser,  and  heated  for  1  hour  on  a  boiling  water  bath.  The  separation  of  carbon 
dioxide  was  noticed.  The  solution  was  distilled  from  the  flask  into  a  dish  and 
strongly  concentrated  on  the  water  bath.  The  residue  was  dissolved  in  water, 
treated  with  excess  of  a  strong  solution  of  caustic  soda  and  extracted  with  ether. 
After  drying  the  ether  solution  with  caustic  potash  and  distilling  off  the  ether, 
the  remaining  oil  was  distilled  in  vacuo,  I.5  g  of  an  almost  colorless  oil, 
distilling  at  15O-I5I*  (4  mm),  was  obtained. 


L 
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d4°  0.8887)  1.^722)  aj)  -  5*30*  (without  solvent))  1  0.5  dm)  [a-]j)  -  11.93*) 

MR  84,00,  calculated  84.19. 

2.46l  mg  substance;  0.226  ml  N2  (19*^  746  mm).  Found  N  10,54.  C17H34N2. 
Calculated  N  10. 5I, 

Dlethylpseudoheliotrldylamlne .  4  g  chloropseudohellotridane  and  50  ml 

dlethylamlne,  dissolved  in  60  ml  kerosene,  were  heated  for  I8  hours  in  a  steel 
autoclave  at  l80-200* . 

The  subsequent  treatment  of  the  reaction  mixture  was  the  same  as  in  the 
previous  experiments.  After  vacuum  distillation  2,3  g  of  a  colorless  mobile 
oil,  distilling  at  87-89*  (4  mm),  were  obtained, 

df®  0.9147)  1,4764)  ajj  -  3»50*  (without  solvent))  1  0.5  dm)  [o-Jd  “  7*65*) 

MR  60.56,  calculated  6l,10.  ~ 

2.541  mg  substance;  0,525  ml  N2  (20®,  726  mm).  Found  N  l4.24.  C12H24N2. 
Calculated  N  l4,27. 

N-Pseudoheliotridyl  piperidine.  3*7  g  chloropseudoheliotridane  and  20  g 
piperidine  were  dissolved  in  50  ml  kerosene,  and  the  solution  was  heated  for 
3  hours  in  a  steel  autoclave  at  l80-200*.  After  treating  the  reaction  mixture 
as  described  in  the  previous  experiments,  3  g  of  a  base,  distilling  at  124® 

(5  mm),  were  obtained. 

df®  O.962O)  np°  I.498O)  aj)  —  2.32*  (without  solvent))  J.  O.5  dm)  [a]jj  ~  4.82®) 
MR  63.43,  calculated  65.51* 

2.887  mg  substance:  0.343  ml  N2  (20®,  747  mm).  Found  N  13. 60,  C13H24N2. 
Calculated  N  13*45. 

Phenylpseudoheliotridylamine .  4  g  chloropseudoheliotridane  and  25  g 

aniline  were  dissolved  in  60  ml  kerosene,  and  the  solution  was  heated  for  3  hours 
on  an  oil  bath  in  a  flask  with  reflux  condenser  in  an  atmosphere  of  nitrogen  with 
the  bath  at  a  temperature  of  I8O-I9O* .  After  cooling,  the  contents  of  the  flask 
were  extracted  with  10^  hydrochloric  acid.  The  acid  solution  was  alkalired  to 
pH  =  6  with  a  10^  solution  of  caustic  soda,  and  the  excess  aniline  extracted  with 
ether.  Then  the  aqueous  solution  was  treated  with  excess  of  30^  caustic  soda  and 
again  extracted  with  ether.  The  ethereal  solution  was  dried  with  potash  and  the 
ether  distilled  off.  From  the  remaining  uncrystallized  oil  the  dihydrochloride 
was  obtained.  For  this  the  oil  was  treated  with  an  alcoholic  solution  of  hydrogen 
chloride  until  it  was  strongly  acid  to  Congo.  Everything  went  into  the  solution. 
Dry  ether  was  slowly  added  to  the  resulting  solution  until  the  solution  became 
turbid.  On  rubbing  with  a  rod  a  copious  crystalline  precipitate  sex)arated  from 
the  solution.  The  precipitate  was  recrystallized  from  dry  alcohol,  containing  1^ 
hydrogen  chloride,  3*7  g  were  obtained  in  the  form  of  prisms  melting  at  215-214*, 

0.3083  g  substance;  in  10  ml  alcohol)  1  1  dm)  aj)  —  0.49*)  [o-Jd  ”  15*9** 

0.2941  g  substance:  20.4  ml  0.1  N  AgN03.  Found  Cl  24.59*  Ci4H2oN2'2HCl. 
Calculated  Cl  24.52. 

The  free  base  was  obtained  from  the  dihydrochloride.  For  this  the  salt  was 
dissolved  in  water  and  the  solution  was  treated  with  excess  of  20^  caustic  soda. 
The  base  was  extracted  with  ether.  The  ethereal  solution  was  dried  with  potash 
and  the  ether  distilled  off.  An  oil  remained  which  quickly  crystallized  without 
interruption.  After  recrystallization  from  petroleum  ether  the  phenylpseudo¬ 
heliotridylamine  had  the  appearance  of  colorless  prisms  melting  at  76-77** 
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^•553  ®g  substance:  0.50^  lal  Ns  (17*>  738  nun);  if. 012  mg  substance: 

O.Mf6  ml  Ns  (20*,  738  mm).  Found  N  12.65,  12.57.  C14HS0N2.  Calculated 

N  12.95. 

Pseudohellotrldyl  phenyl  ether.  20  g  phenol,  if  g  caustic  potash  and  3  g 
chloropseudoheiiotridane  were  heated  for  6  hours  in  a  flask  with  reflux 
condenser  in  an  atmosphere  of  nitrogen  on  an  oil  bath  with  the  bath  at  a 
temperature  of  170*.  The  cooled  reaction  mixture  was  treated  with  a  10^ 
solution  of  caustic  potash  and  extracted  with  ether.  The  ethereal  solution 
was  dried  with  potash  and  the  ether  distilled  off.  The  remaining  oil  was 
distilled  in  vacuo.  1.3  g  of  a  viscous  colorless  oil,  distilling  at  152-I55*, 
(5  mm)  was  obtained. 

df®  I.O52I;  n|°  1.5if00;  ap  “  7*65*  (without  solvent);  1  0.5  dm;  [a]j) 

-]!f.55*j  MR  8if.7if,  calculated  64. if 3. 

5.067  mg  substance:  O.287  ml  Ns  (24*,  734  mm);  3*771  mg  substance; 

0.216  ml  Ns  (19*,  739  mm).  Found  N  6.29,  6.51.  C14H19ON.  Calculated 
N  6.45. 

The  picrate.  The  salt  was  prepared  in  alcoholic  solution.  After  recry- 
stalllzlng  from  alcohol  the  picrate  precipitated  in  the  form  of  pale  yellow 
lustrous  plates,  melting  without  decomposition  at  l64-l65*. 

4.4o8  mg  substance:  0.382  ml  Ns  (20*,  739  mm);  3*839  mg  substance: 

0.430  ml  Ns  (22*,  736  mm).  Found  N  12.70,  12. 56.  Ci4Hi90N-C6Hs(0H) (N0s)3* 
Calculated  N  12,55. 

SUMMARY 

1.  By  the  action  of  suitable  amines  on  chloropseudoheiiotridane  the 
following  amines  were  prex)ared  and  characterized:  methylbenzylpseudohello- 
trldylamlne  (IV),  B-ethanol-pseudohellotridylamine  (V),  octylpseudoheliotrldyl- 
amlne  (VI) ,  methyloctylpseudohellotridylamine  (VII) ,  dlethylpseudoheliotridy] - 
amine  (VIII),  N-pseudoheliotrldyl  piperidine  (IX),  and  phenylpseudohellotrldyl- 
amlne  (X) . 

2.  By  the  action  of  potassium  phenate  on  chloropseudoheiiotridane, 
pseudohellotrldyl  phenyl  ether  (XI)  was  prepared  and  characterized. 

3.  The  reaction  of  pseudohellotrldane  with  amines  must  be  carried  out  in 

a  large  excess  of  the  latter;  otherwise  the  main  course  of  the  reaction  will  be 
the  polymerization  of  the  chloropseudoheiiotridane  Itself,  which,  of  course, 
will  lead  to  very  low  yields  of  the  synthetic  amines. 
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